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CONFORMAL COATINGS FOR
PRINTED CIRCUIT ASSEMBLIES

Second Quarterly Report for the period of Nov., 1, 1961

to January 30, 1962.

Objective: Phase A: Evaluate comhercially available conformal coating
materials used as protective coatings on printed circuit
boards in order to obtain data for the preparation of a
three services coordinated military specification which will
provide sufficient physical, mechanical and electrical
properties to assure satisfactory performance of printed
circuit assemblies over long storage periods and under high
humidity conditions.

Phase B: Investigate a method of removing the coating from
the board to permit replacement of parts when necessary
without impairing the functional operationa of the unit,

Phase C: Evaluate, for possible upgrading purposes, allow-
able minimum spacings between conductors on uncoated and
coated boards as described in paragraphs 5.1.5 of MIL-STD-
275A.
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PURPOSE

The purpose of this project is to evaluate commercially available conformal
coating materials used as protective coatings on printed circuit boards in
order to obtain data for the preparation of a three services coordinated
military specification which will provide sufficient physical, mechanical,
and electrical properties to assure satisfactory performance of printed
circuit assemblies over long storage periods and under high humidity
conditions,
In this report, the tasks are defined as follows: -
Task A
Investigation of epoxy resin conformal coatings on XXXP, glass-
epoxy and paper-epoxy copper clad laminate series specified in
MIL-P-13949B and PR & C 61-SIMSA-L82,
Phase 1 Two-part epoxy resin coating systems
Part 1 Characteristics of epoxy resin coatings studied.
Part 2 Curing Schedule.
Phagse 2 Test Panels used.
Phase 3 Irecoating Tre¢paration of Curface
Part 1 Clcaninj.,
Part 2  Soldering.
Phase I Method of Coating Application

Phase 5 Physical and Klectrical Properties of
Epoxy Resin Coating Systems.

Part 1 Appearance and Adhesion.
Part 2 Thickness measurements,

Part 3 Dielectric Constant and Dissipation Factor
of disc specimens,

Part L Dissipation Factor and Q-Factor of coated test panels.
Part 5 Dielectric Withstanding Voltage (initial).
Part 6 Thermal cycling.

Part 7 Dielectric “Athstanding Voltage (after thermal cycling).
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PURPOSE
(Continued)

Part 8 Insulation resistance and appearance under
moisture conditions,
Part 9 Dielectric Withstanding Voltage (after moisture test),
Part 10 Abrasion Resistance.
Part 11 Ruggedization,
Part 12 Flexibility.
Task B
Investigation of polyurethane resin conformal coatings on XXXP
and glass-epoxy, copper-clad laminate series specified in MIL-P-
139498 and MR & C 61-SDMSA-LB2.
Phases 1 - 5 The same as Task A where application is feasible,
Task C

Investigation of Silicone-based polymer coatings on glass-epoxy and
silicone-glass copper-clad laminate series specified in MIL-P-13949B.

Phases 1 - 5 The same as Task A where application is feasible.
Task D

Investigation of fluorinated resin (FEP) based polymers on teflon-

glass and FEP copper-clad laminates per MIL-P~13949B and MIL-P-

27538 respectively.

Phases 1 - 5 The same as Task A where application is feasible,
Task E

Investigation of melamine coatings on glass-melamine copper-clad
laminate.

Phases 1 - 5 The same as Task A where application is feasible,
Task F

Investigation of MIL-V-173 varnishes on nlass-epoxy, XXXP and
paper-epoxy laminates per MIL-P-139L9B,

Phases 1 - 5 The same as Task A where application is feasible.,

-2-



ABSTRACT

Task A
Investigation of enoxy resin conformal coatings on XXXP, glass-epoxy,
and paper-epoxy copper clad laminate series specified in MIL-P-139L9B
and PR & C 61-SIMSA-482.,

Phase 5 Physical and Electrical Properties of Epoxy Resin Coating System

Part 3 Dielectric Constant, Dissipation Factor, and Q Factor

Two-inch-disc specimens were prepared in a similar method described

in paragraph L.3 of MIL-I-16923C. The dielectric constant, dissi-
pation factor and Q Factor of the disc specimens were measured at

1, 3, 6.25, 30, 50, 75, and 100 mc using the resonance-rise method
described in ASTM-D-150. It was found that as the frequency increases
the dielectric constant decreases. On the other hand, as the frequency
increases, the dissipation factor decreases to a minimum between 30 and
50 me and then increases from 50 %o 100 mc.

Part I Q Factor and Dissipation Factor of the coated test panels.

The dissipation factor and Q value of the coating was determined,

using Specimen X, at 1, 50 and 100 mc by calculating the relative
differences of the coated and uncoated boards. It was found that

the Q value and dissipation factor changed with increasing frequency

and followed the same pattern described in part 3. However at 100 mc,

the dissipation factor of epoxy-paper and XXXP is high so that a true

Q value and dissipation factor of the coating cannot be readily determined.

Part 6 Thermal Cycling

All epoxy specimens passed five cycles of thermal cycling without
any visible deterioration of the coating, printed conductors or base
materials,

Part 7 Dielectric Withstanding Voltage, after thermal cycling

All epoxy specimens passed the tests specified in paragraph L.7.8
of MIL-P-55110 and paragraph L.4.3.2 of SCL-6225.

Part 8 Insulation Resistance, under moisture conditions

All epoxy specimens passed the minimum resistance values of 1.0 X 108
ohms.after ten cycles of humidity. Ilowever when examined for correcsion
of conductors only epoxies C, F and I passed, The other five epoxies
exhibited copper conductor corrosion to various degrees.

Part 9 Dielectric Withstandigg;Voltagp, after moisture resistance

A1l epoxy specimens, except epoxy G, passed the tests specifiéd in
para., 4.7.8 of MIL-P-55110 and para. L.4.3.2 of SCL-6225.
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Task B

ABS'RACT
(Continued)

Inveruigation of polyurethane resin conformal coatings on XXXP, glasg-
epoxy and paper-epuxy, copper clad laminate series specified in MIL-P-
12:"98 and PR & C 61-SLISA-LB2.

Phase & Physical and Electrical Properties of Polyurethane Resin

Coating Systems

Part 3 Dielectric Constant, Dissipation Factor & Q Factor

Two inch disc specimens were prepared from a mold shown in Table X
in the Appendix. This spacing was used because of the low solids
content of the polyurethane resin coating systems. Difficulty was
encountered when measuring the dielectric constant and dissipation
factor at 100 mc because of the high capacity of the two inch disc
specimens. When a thicker disc specimen was cast, it was found not
to cure fully because of solvent entrapment.

Fart L Q-Factor and Dissipation Factor of the Coated test panels

The dissipation factor and Q value of the coating was determined,
using Specimen X, at 1, 50, and 100 mc by calculating the relative
differences of the coated and unccated btoards. It was found that

the Q value and dissipation factor changed with increasing frequency
and followed the same pattern described in Part 3 of Task A, However,
at 102 mc, the dissipaticn factor of epoxy-paper and XXXP is high so
that a true { value and dissipation factor of the coating cannot be
readily determined.

Part 6 Thermal Cycling

A1l polyurethane specimens yusced five cycles of thermal cycling
wi thout =ny visible deterioration of the coating, printed coaducters
or base materials.

Part 7 Dielectric ‘/ithstinding Voltage, after thermal cycling

All polyurethane specimens passed the tests specified in paragraph
L.7.8 of MIL-P-55110 and paragraph L.l.3.2 of SCL-6225.

Part 8 Insulation Resistance, under moisture conditions

All poly%rethane specimens passed the minimum resistance values of
1.0 X 10” ohms after ten cycles of humidity. However when examined
for corrosion of conductors only polyurethanes iH, 4G, BB & AA passed.
The other polyurethane exhibited copper corrosion to various degrees.

-
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ABSTRACT
(Continued)

Task C

Investigation of silicone~based polymer coatings on glass-epoxy
copper clad laminate series specified in MIL-P-139L9B.

Phase 1 Silicone base polymer coatings
Part 1 Characteristics of silicone-base polymer coatings

Two silicone-based polymer coating for printed circuits were
obtained from two manufacturers. These two coatings met the re-
quirements of para. 2b of PR & C 61-SIMSA-4B2. The two coatings
were of the two compcnent type.

Part 2 eriﬁng Schedule

All silicone coatings were cured at 100°C for 2 hours.

Phase 2 Test Panels Used

Same as discussed in Phase 2 of Task A of Abstract.

Phase 3 Precoating Preparation of Surface

Part 1 Cleaning

Same as discussed in Phase 3 of Task A of Abstract.

Phase li Method of coating application

All specimen panels were brush coated.

Phase 5 Physical & Electrical properties of silicone-based polymer coating

A visual check of the two coatings revealed one of the coatings wrinkled
after the curing cycle and was rejected from further testing. However
the other coating showed no evidence of blistering, wrinkling, cracking
and peeling of coating and no corrosion of printed conductors, Both
coatings exhibited good adhesion to specimen test panels,

Part 2 Thickness measurements

All specimen test panels were coated to a thickness of 0,012 * 0,007 inches.

Part 8 Insulation Resistance and appearance under moisture resistance
conditions

The coating passed the minimum requirements of 1,0 X 108 ohms. However
when examined visually there was evidence of copper corrosion,
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FUBLICATIONS, LECTURES, REPCRTS & CONFERENCES

On November 15 & 16, 1961, the writer visited the Research Laboratories

of Minnesota Mining & Mfg. Corp. in St. Paul, Minnesota, to obtain data on
the effect of epoxy coatings on printed wiring boards and means of repairing
them,
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FACTUAL DATA

Phase 1 Two part epoxy resin coating systems

Part

Dielectric Constant, Dissipation Factor and Q Factor

gaz Mold - The epoxy coating specimens were cast in a mold similar

(b)

one described in paragraph L.3.1 of MIL-I-16923C except that
glass plates were substituted for highly polished steel plates.
The size of the cast sheet made was 5 X 5 inches.

2 inch disc specimen - The mold described in part 3(a) was heated

(c)

to VBUCQ The epoxy coating wae mixed according to the manufacturcrs
recommendations, deaired for 10 minutes and poured into the mold,
During the pouring process care was taken to avoid the entrapping
of air into the material. The coating material was cured at 750C
for 2 hours. A two inch disc was cut from the cast sheet and the
thickness of the specimen was measured with a Micrometer to ensure
that the two surfaces were parallel to within + 0,001 inch. The
two inch discs were measured at 1, 3, 6.25, 30, 50, 75 and 100
megacycles,

Procedure - The procedure used for measuring dielectric constant

and dissipation factor is similar to the one described in ASTM-
D-150. In testing these coatings, the resonance rise method
was used in conjunction with a micrometer - electrode system,

For frequencies from 20 to 100 mc, Boonton Radio Co. Model 190-A
Q - meter Serial No. 1195 was used.

For frequencies below 20 mc, a Boonton Radio Co. Model 260-A
Q - meter Serial No. 159 was used. The micrometer - electrode
system used was manufactured by General Radio Co. Type 1690
Dielectric Sample Holder Serial No. L72.

The procedure for determining the dielectric constant dissipation
factor and Q factor of the coatings is as follows: =«

(1)

(2)

(3)

Insert 2 inch disc specimen in between electrode plates
of Dielectric Sample Holder and screw top electrode down
until it is in contact with specimen.

Resonate Q-meter circuit and note readings C, on capacitance
dial and Q) reading on voltmeter scale and spacing of
electrodes (tl). '

Remove specimen from holder and resonate Q-meter circuit aéain
by bringing electrodes closer ‘ogether. Record new spacing
(t2) and new Q, reading.
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FACTUAL DATA
(Continued)

For a 2 inch specimen the unknown capacity (Cy) is
Cx wC2 + ACp - AC) (Eq. 1)
where Cp = geometric air capacitance for spacing (tg)
0y = geometric air capacitance for spacing (ty)

A C2 = correction for setting (t2) (correction factor
for dielectric sample holder)

4 G = correction for setting (t1) (correction factor
for dielectric sample holder)

The geometric air capacitance (¢) for 2 inch disc specimen is obtained
from the following formula:

Ce 706.5 (t = mls or thousands of an inch)

The dielectric constant (K) is calculated as follows: -

Ko (Eq. 2)
Q
The Q factor of the coating (Qy) is calculated as follows: =-
Q= Q@ Q@ Cx
(Q2- 1) ¢C (- 3)

From this the dissipation factor (D) is: -

Dx = 1 - C l - l (Eq' h)
x T\ @
The dielectric constant and dissipation factor data and graphs for
epoxy coating systems appear in the Appendix Table V thru Table VIII.

- Part 4 Q-Factor and Dissipation Factor of the coated panels

The Q factor and dissipation factor was determined on the control
specimen and coated panels at 1, 50 and 100 mc. These tests were
run on Specimen X in lieu of Specimen Y because at higher "requen-
cies, the lead length begins to introduce appreciable error due to
lead inductance, Because of this effect, we wanted to keep our lead
length from the specimen to the measuring instrument as short as
possible so as to reduce this measurement error.

8-



FACTUAL DATA
(Continued)
The procedure used for determining these factors is as toilowu -

(1) Resonate Q meter without specimen and note Q2 (Voltmeter
Readings) and Cp readings,

(2) Flace test specimen in Q meter circuit and resonste
circuit again and note Q1 and Oy readings.

(3) Caloulate Qx of coating as follows: -

=z 9 Q2 (62-C1)
Qa2- Q1) Cy

(Eq. 5)

The dissipation factor can be calculated by using (Eq. L)

The relative change in the Q of the coating is calculated
as follows: -

f ti - f ted ) - ted
S (o st = g (o et ?x(:::,;)) . 6

The data for these above mentioned readings is listed in
Appendix, Table IX.
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Task 1}

FACTUAL DATA
(Continued)

Part 6 Temperature Cycling

The epoxy test specimens were subjected to five cycles, of
temperature cycling test described in Method 102A, Cond. D
of MIL-STD-202,

Part 7 Dielectric Withstanding Voltage, after thermal cycling

All dielectric withstanding voltage tests were made on a Motorola
built - Breakdown tester TE-8359 with output from O to 3000 v AC
at 60 cps. Specimen X was electrified at 1500 V AC for 30 seconds
and Specimen Y electrified at 1000 V AC for 1 minute.

Part 8 Insulation Resistance under moisture conditions

The epoxy specimens were subjected to 1l cycles of humidity according
to Method 106 of MIL-STD-202. During the humidity cycling, 100 volts
DC was applied to Specimen Y and 500 volts applied to specimen X,
Insulation resistance measurements were taken initially and after the
first, fifth, seventh, tenth and fourteenth cycles in accordance with
Method 301 of MIL-STD-302. Prior to measurement, Specimen Y test
patterns were electrified for one minute at 100 volts and specimen X
test patterns were electrified at 500 volts for one minute. Insulation
resistance measurements were taken with the test specimens maintained
at 25°C and 90-95% relative humidity. A photograph of the test set-up
ig shown in the Appendix,p. xvii and the measurements are shown in the
Appendix, Page xix.

Part 9 Dielectric ‘ithstanding Voltage, after moisture resistance

A1l dielectric withstanding voltage tests were made on a Motorola
built - Breakdown tester TE-8359 with output from C to 3000 v AC
at 60 cps. Specimen X was electrified at 1500 V AC for 30 seconds
and specimen Y electrified at 1000 V AC for 1 minute.

Investizétion of polyurethane resin conformal coatings on XXXF, glass-epoxy
and pap.r-epoxy, copper clad laminate series specified in MIL-P-13949B and
PR & C 61-SIMSA-L82,

Phase 5 Physical and Electrical Properties of polyurethane resin

coating systems

Part 3 Dielectric Constant, Dissipation Factor and Q-Factor

a) Mold

Since the urethane coating systems investigated are of the
solvent type, the apparatus discussed in paragraph L.3.1 of
MIL-I-16923C could not be used, We cast films of these
coatings, using an apparatus described below and pictured
in the Appendix Table XI.

=]
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FACTUAL DATA
(Continued)

A teflon sheet which had one side etched was bonded to a
sheet of lucite to ensure flatness of the teflon. The edges
were built up with layers of masking tape so as to confine
the liquid urethane into a certain area. In this manner a
£ilm having a thickness of 0,015 to 0,020 inches could be
obtained,

(b) Two inch disc specimen

The coating material was mixed according to the manufacturers
instruction and poured into the mold deenwihad aknve, The
resultant coatings were cured for seven days prior to cutting
into two inch discs.

(c) Procedure

The procedure for measuring, the dissipation factor, dielectric
constant and Q factor is similar to one described in section C,
part 3, phase 5 of Task A.

However when measuring the two inch disc specimens at the higher
frequenciea, thc capacity of the specimens was too high to get
an accurate measurement,

Part Ii Q-Factor and dissibation factor of the coated test panels

The Q factor and dissipation factor of the coated bhoards was
determined using the same procedure outlined in section d of parts
3 and L, Phase S of Task A in the Factual Data.

Part 5 Temperature Cycling

The polyurethane test specimens were sutjected to five cycles of
temperature cycling test described in Method 1024, Cond. D of
MIL-STD-202.,

Part 7 Dielectric Withstanding Voltage, after thermal cycling

Procedure is similar to one outlined in part 7 of phase 5,
Task A of the Factual Data,

Part 8 Insulation Resisgtance, under moisture conditions

The procedure described in part 8, phase 5 of Task A was followed.

Part 9 Dielcctric Withstanding Voltage, after moisture resistance

Procedure followed is similar to one outlined in part L, phase 5 of
Task B,

Task C

Investigation of silicone-~based polymers on glass-epoxy copper~clad laminate
geries specified in MIL-P-139L9B.

==
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FACTUAL DATA
(Continued)

Phase 1 Silicone-based polymsr coatings

Part 1 Characteristics of silicone-based polymer coatings

Two manufacturers of commercially advertised silicone resin
coatings for printed circuit boards were contacted and samples

of their coatings were received. One coating was of the silicone:--
phenolic type whereas the other was of the unmodified type. Both
coating systems require addition of catalysts to facilitate curing.
Both coating systems can be applied by brushing, dipping or spraying.
Both coatings were transparent when fully cured and were also fungus
resistant.

Part 2 Curing Schedule

The two coating syatems were curéd at 100°C for 2 hours.

Phase 2 Test Panels Used

The test panels used for evaluating thess coatings were

(a) Comb pattern (Specimen Y) fabricated in accordance
with Figure 1 and peragraph L.L.l of SCL-6225.

(b) Two parallel lines pattern (Specimen X) fabricated
in accordance with Figure 1, note 7 of MIL-P-55110.

A diagram of these test patterns appears in the Appendix, Table III
at the end of this report.

The test panels were prepared on the following copper-clad laminates,
0.062 inches thick, copper-one side with one and two ounces:

Type GE - Epoxy resin - glass fabric base

Type GB - Epoxy resin - glass fabric base, general
purpose, temperature resistant

Type GF - Epoxy resin - glass fabric, flame retardent

For each silicone coating, six test panels consisting of 1 ox. and 2 oz.
copper were prepared from the follcwing laminates:

Spec, X Spec Y
Laminate 1l oz. Cus 2 0%. Cus, 1 0z2. Qu. 08. Cu.
Type GE 3 3 3 3
Type GB 3 3 3 3
Type GF 3 3 3 3
Uncoated (control 1 1l 1 1

pattern each laminate)

«12-
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FACTUAL DATA
(Continued)

Phase 3 Frecoating preparation of Surface
Parts 1 & 2 Cleaning and Soldering

The following cleaning technique is outlined to eliminate as nearly
as possible all surface contaminates that would tend to cause corrosion.
Panels are prepared for testing using the following cleaning methods:

(a) The etched side of the boards are abraded with a fine grade

(b) The leads are soldered to the teminal points ueing

of steel wol.

60 - LO rosin core solder.

(c) The soldered boards are scrubbed in isopropyl alcohol

to remove the rosin flux and other contaminants.

Phase i Method of Coating Application

All test specimens were brush coated.

Phase

corrosi

Part 2

sical and Electrical Properties of Silicone Resin Coating Systems

Part 1 Adhesion and Appearance

After the specimen panels were costed, they were visually examined
for blistering, wrinkling, cracking and peeling of the coating and

on of the conductors.
Thickness Measurements

All specimen test panels were coated to a thickness of 0.012

inches.,

+.0,007
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CONCLUSION

Task A and B

Investigation of epoxy resin and polyurethane conformal coatings on XXXP,
glass-epoxy and paper-epoxy copper-clad laminate series specified in MIL-
P-13949B and PR & C 61-SIMSA-L482,

Phage 5 Physical and Electrical Properties of Epoxy and polyurethane
resin coating systems

Part 3 Dielectric Constant and Dissipation Factor & Q Factor for
epoxy resin coating

The dielectric constant drops as the frequency increases from

1l to 100 mc. On the other hand, the dissipation factor at 1 mo *
begins at one value and then drops until the frequency reaches

30 mc. and then begins to rise to 100 mc. This observation

agrees with Murphy and Morgan (1).

e changes in the dielectric constant and dissipation factor

with frequency are produced by the dielectric polarization

which exist in the material. The two most important polarizations,
caused by various constituents which make up the particular formu-
lation, are (1) dipole polarization due to polar molecules - this
effect becomes more noticeable in the higher frequency ranges and

(2) interfacial polarization - this effect is seen at the lower
frequency spectrum. Each polarization furnishes a maximum of

value of dissipation factor. The frequency at which this maximum

loss occurs is called the relaxation frequency for that polarization.
It is also the frequency at which the dielectric constant is increasing
at its greatest rate. From Table VI and VIII as the frequency approaches
1l mec, the dielectric constant and dissipation factor begin; to increase
in value., This means that below 1 mc, there is a relaxation frequency
for epoxy materials.

Part 6 Q-Factor and Dissipation Factor of the Coated Boards

The following conclusions are drdwn from a statistical analysis of
the data for epoxy coated boardss

(1) An analysis of variance showed that the laminate and the
resin were significantly different. These comparisons
were made at specific measured frequency. The highest
Q values were obtained with the glass-epoxy laminates as
compared to the paper-base materials. The following
table summarizes the Q values at the test frequencies:

Frequencies
Rating 1 mc 50 me 100 me
Best GB aB GB,GE & QF
Next GF GF & GE
Worst QE, XXXP, EXXXP & XXXP, EXXXP
& Exoxp | X0Xp

(1) Murphy and Morgan, "The Dielectric Properties of Insulating Materials
Bell System Technical Journalyal_m, October 1937 p.p. L93 - 512.
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CONCLUSICN
(continued)

(2) The Q values decrease as the frequency increases for the
coated and uncoated boards, The change from 1 to 50 mc, and
from S0 to 100 mc. is approximately equal indicating an
approximate linear relationship within the limits of 1 to
100 me,

(3) The Q values were lower fob the coated boards than for the
uncoated ones, The variability was the same,

(4) The rank of the laminates for the uncoated boards were similar
to that of the coated laminates, namely (B, GF and GE followed
by XXXP And EXXXP,

(5) From the data, epoxy F is rated the best coating followed by
epoxies C and H,

(6) The data indicates that there may be a decrsase of Q with an
increase in thickness, This relation is apparent in the 1 and
100mc, data but not in the 50mec, data, This relationship may
be curvilinear but a full scale test would be necessary to
evaluate this,

Part 7 Delectric Withstanding Voltage, after thermal cycling,

All epoxy and polyurethane specimens passed the dielectric withstandingz
voltaze tests specified in paragraph L4,7.8. of MIL-P-55110 and
parazraph L.l.3.2, of SCL-6225,

Part 8 Insulation Resistance and Appearance under moisture conditions

All epoxy and polyurethane coatings, after fourtgen cycles of humidity,
pasesed the minimum resistance values of 1,0 X 10° ohms specified in
SCL~6225, However, when the test panels were examined for corrosion of
conductors, only epoxies C, F and I passed. The other five epoxies
exhibited copper conductor corrosion to various degrees,

On the corroded test panels, an interesting observation was noted. The
"hot" conductor on both specimen X and Y were corroded whereas the ground
conductor showed no evidence of corrosion, This corrosion occured probably
between O and 1 cycle under humidity. This is evidenced by 5 drop an the
insulation resistance value of the order of magnitude of 10¢ to 10
depending on the degree of corrosion present. After this initial insulation
resistance drop, the insulation resistance walue increases to a maximum
and then decreases as the number of humidity cycles increases,
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CONCLUSION
(Continued)

We have postulated the following theory, to possibly explain
this phenomenon. Between O and lat humidity cycle, the coating
absorbs moisture which tends to hydrolyze the constituents in

the epoxy

formula., A voltage applied to this coating accelerates

this hydrolysis reaction which causes a treakdown of the coating
in the vicinity of the "hot" conductors. This breakdown causes the
1R drop seen after the lst cycle. The products of the hydrolysis
reaction corrode the copper conductors. As the water absorbed by
the coating is used up in the hydrolysis reaction, the 1R value

increases

to a maximum and then decreases as more water is generally

absorbed by the coating.

A coating
stress is
at the fir
increases.

that does not corrode the copper conductor when a voltage

applied will show an increase or no change in the 1R value

st cycle and then decrease as the number of humidity cycles
Typical plots of corroded and uncorroded test panels are

shown in the Appendix, p. xxxv.

We feel from these results that we have a quick and economical test
to determine the corrosion resistance of a coating under humidity.

Other conclusions drawn from this experiment are as follows:

1)

Do the test results for test patterns X and Y exhibit
the same degree of variability?

The following table summarizes the average ranges in
logarithms for the two patterns and two types of coatings.

# of samples  Average range readings # of samples Average range readings

190
148

0.289 200 0.264
0.L61 150 0,263

The only odd velue was that obtained using pattern Y
on the polyurethanes or more variability was obtained
using pattern Y on polyurethanes. ith the epoxy the
two test patterns have equivalent variability. These
conclusions are drawn at a significant level of 99.9%.
From this analysis, Pattern X should be used more
extensively in lieu of Pattern Y,

The test results of test patterns X and Y are correlated.

A correlation coefficient of .765 was obtained which shows
correlation at a level of reliability of better than 99.9%.

16w



CONCLUSTON
(Continudd)

(2) What effect does thickness of coating have on the
insulation resistance value under humidity?

Only the epoxies were evaluated for this purameter.

It was determined that when a 100K solide coating

was used such as epoxy A,C,D,E, the insulation resis-
tance increases with increasing thickness. However for
solvent-based epoxy coatings such as F,G,H, & I, the
insulation resistance decreases with increasing thickness.

A plausible explanation for this effect, is that there
is probably solvent trapped in the cured coating which
is not easily evaporated in a thicker coating as in a
thinner coating. When exposed to humidity, the trapped
solvent absorbs water more readily then the coating
thereby causing the insulation resistance value to drop.

Part 9 Dielectric Withstanding Voltage, after moisture resistence

All epoxy and polyurethane specimens passed the dielectric with-
standing voltage tests specified in paragraph 4.7.8 of MIL-P-55110
and paragraph L.L.3.2 of SCL-6225.

-17-
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PROGRAM FOR NEXT INTERVAL

Complete Tssks A through F Phases 1 - 5
where application is feasible.

Begin Phases B and C,

.18-



IDENTIFICATION OF KEY PHRSONNEL

Mr. Anthony Beccasio
Project Engineer

Mr. Ernest Colon
Technician

Mr. Leonard Nero
Statistician

Mr. Lester Powell
Senior Component Engineer

Mr. Arthur Bethke
Chemist

Time Spent - Hours

292

290

ns

697

# Mr. Powell and Mr. Bethke are available at no cost

to the project,
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TABLE Ili
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Test 1. Average thicimess (mchur

My, .
code Laminate panel
no, Patt, 1| Patt, 2|Pstt, 3
A XXXP Y 0.013 | 0,014 | 0,008
b ¢ 0.013 | 0,013 | 0,010
ae Y 0.012 | 0,01k | 0,007
b ¢ 0,010 | 0,008 | 0,009
paper epoxy Y 0,010 | 0,014 | 0,019
) ¢ 0,019 | o0.m7 | 0,012
B Y 6.00 | 0,010 | 0,009
b 4 o,01s | 0.01% | 0,007
@ Y 0,019 | 0,012 | 0,008
X %.019 | 0,017 | 0,013
B e} opoxy Y 00w9 00012 00012
per X 0.007 | 0,006 | 0,007
a8 Y 0,003 | 0,011 | 0,012
X 0.013 | 0,019 | 0,018
B Y 0,005 | 0,004 | 0,007
X 0,006 | 0,006 | 0,007
¢ Y 0,005 | 0,006 | 0,005
X | 0,006 {0,010 { 0,010
Xxp Y 0,006 | 0,008 | 0,015
X o004 | 0,006 | 0,008
c = Y o011 | 0,012 | 0,009
X 0,020 | 0,018 | 0,01k
o Y o.,004 | 0,003 { 0,005
) ¢ 0,012 | 0,009 | 0,009
paper epoxy Y 0,012 | 0,016 | 0,009
I 0.006 O.MB 0.009
IXXP Y 0,002 | 0,008 | 0,013
) X 0,010 | 0,012 | 0,013
@B Y 0,019 | 0,014 | 0,010
) ¢ 0,015 | 0,013 | 0,009
D ;] Y 6,005 | 0,009 | 0,004
b ¢ 0,011 | 0,011 | 0,009
: Y 6,011 | 0.009 | 0,009
¢ 0,010 { 0,007 | 0,008
paper epoxy Y 0,013 | 0,019 | 0.013
b ¢ 0,012 | 0,010 | 0.008
XXXP Y 0,011 | 0,011 | 0,008
X 0,009 | 0.013 | 0,012
(¢4 Y 0,016 | 0,011 | 0.010
X 0,015 | 0,011 { 0,010
B & Y 0.009 | 0,016 | 0,008
X 0,020 | 0,022 | 0,020
] Y 0.016 | 0,013 | 0,016
X 6.016 | 0,01k | 0,017
¢ ] Y 6.018 | 0,017 | 0,012
X 0.019 | o.01; | 0,018
IxXp Y 0,02 0.0k o.gﬁ
X 0.0 0,013 | o, 4

:



NRE

[}

wune, )

| "2 — Ml l:mqo thicikness (inches)
0o pane
Patt, 1 [Patt, 2 Patt, 3
w‘ " X 00013 0.010 00017
r pape” epexy Y 0,003 | 0,005 | 0,005
x °.m3 O.Wh oows
. P o |nm (o
0. ’ e L]
b 4 O.J 0.006 o.gz
X o,m oow3 o' ‘
XXXP Y 0,004 | 0,004 | 0,009
b 0,004 |} 0,002 | 0,006
@ Y 0,007 0.006 | 0,003
X 0,005 0,005 0.006
Y S B
] B Y 0,007 | 0.009 | o0.011
! O.NG O.W'l 00007
a Y 0,009 0,007 0,008
b 4 0,008 0.011 0,008
xxP Y 0,008 0,008 0,018
b 4 0,012 | 0,007 | 0,008
ar b 4 0,010 0.006 0,008
b ¢ 0,007 0,009 0,007
paper epoxy Y 0,007 0,010 | o,011
X 0,008 0.009 0,009
-
.} paper epoxy Y 0,019 |} 0,014 | 0,005
X 0,020 0,019 0,019
XXXP Y 0,007 | 0.007 | 0,005
X 0,012 0,014 017
a8 Y 0,010 | 0,009 |} 0,013
X 0,013 0,009 0.011
o Y 0,011 | 0,009 | 0,014
X 0,014 | 0,013 | 0,013
C ! o.w? °.w9 °om7
I aB Y .| 0,006 | 0.007 | 0,005
b ¢ 0,007 0,005 | 6.008
o2 Y | 0,008 | 0,006 | 0,007
X 0,004 0,006 0,008
¢ Y 0,006 0.007 0,010
X 0,009 0,005 0,011
X 0,005 0.006 0,007
IXXP Y 0,005 | 0,007 | 0,007
X 0,004 | 0.006 | 0,020

it st e SO 0
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THICONESS YRASUNBGNTS OF POLTRETRANE OOATED PANELS

MNer, Test [Average thiciness (inches)
cods Laminate panel ;
no, Patt, 1 1htt. 2 | patte 3
q AV JOB Y 0,008 10,009 |} 0,003
4 0,009 |0,010 | 0,010
as Y 0,000 | 0,010 |o,011
X 0,010 | 0,008 | 9,013
or Y e.011 |0.012 | 0.01%
| |53 | 502 |50
Y 0.010 | 0,010 .
X 0.012 | 0,009 | 0,007
e Y 0,010 | 0,005 | 0,006
X 0,008 | 0,009 [ 0.011
BB o b § 0,010 | 0,008 } 0,008
) ¢ 0,005 | 0,003 | 0,008
B Y 0,005 | 0.012 | o.011
p ¢ 0,006 | 0,009 | 0,008
XXP Y 0,010 | 0,009 | 0.008
b ¢ 0,008 | 0,006 |} 0,007
as Y 0,008 | 0,008 | 0,008
X o_.ggg 0,008 o.og
paper epoxy Y 0. 0,009 0,0
p ¢ o,004 | 0,005 | 0,008
ce e X 0,005 | 0.005 | 0.005
Paper epxy Y |olo0é | o0.008 | o0.006
ar Y 0,004 | o.004 | o.00h4
) 0.006 | o.004 | 0.005
;] Y 0,006 | 0,004 | 0.005
X 0.009 | 0,008 | 0,006
as Y 0.006 | 0,007 | 0,005
X 0,006 | 0.006 | 0.005
XXXP Y -] 0,003 | 0.004 | 0,004
b ¢ o.004 | 0,005 | 0,006
o a Y 0,009 | 0,007 | 0,009
) 4 0,006 | 0.008 | 0.006
aF Y oc.004 | 0,005 { 0,012
) ¢ 0,008 | 0.009 | 0,007
Ge Y 0,008 | 0,007 | 0,008
b ¢ 0.009 | 0,009 } 0.010
paper epoxy Y 0.003 | 0,014 | 0,015
' ) ¢ 0,005 0,005 | 0,009
xp Y 0,005 | 0,008 | 0,009
X 0,007 | 0,004 | 0,006
aa pl;ﬁ’ epoxy Y 0,020 | 0,006 | 0,008
‘ X 0,008 | 0,071 | 0,008
¢ b4 0,007 | 0,008 | 0,006
X} 0,007 | 0,007 } 0,017
IXXP Y 20,005 | 0,007 | 0.005
X 0.010 | 0,006 | 0,006
or b 4 0,008 | 0,010 | 0,007
X 0,015 { o0.,011 | 0.006

3




LADLE LY Wviey

My, - Test |Average thiclmess (inches)
code Laminate panel
no, Patt, 1 |Patt, 2 | Patt, 3
aa @ Y 0,010 o.0n1 0,006
. X 0,013 0,006 0,006
HH aper epoxy Y 0,007 | 0,008 | 0.005
. papsT ' X 0,005 0,006 0,014
oF Y 0,014 0,005 0,006
X 0,005 0,012 0.010
XXXp Y 0,006 0,007 0,006
X 0,007 0,006 0.009
0B Y 0.006 0,008 0.011
X 0.011 0,009 0.008
oE Y 0,004 0,007 0,007
X 0.010 0,009 0.009
II GE Y 0,010 | 0,007 |} 0,005
X 0,009 0,007 0,008 -
paper epoxy Y C. 00'-& 0,007 0,010
X 0.007 0.009 0,009
ar Y 0,007 0,009 0.010
X 0,010 0,007 0,006
IXXP Y 0,007 | 0,005 |} 0,005
X 0,007 0.006 0,009
B Y 0,005 0,005 0.011
X 0,007 0,008 0,006
|
|

- 13
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1 m
3.63
3.3
.28
3.15

Lok6
3,40

L.18

TABLE V
_DIELECTRLC CONSTANZ QF
_BPOXX COATING TWO INCH DISCO

™ 425 mo 30 0
3.8 3436 3.28 3.6
3,20 3.k 3.0 3.04
L.ol 3.6 3.65 3.65
3.06 2.9 2,90 2.8
22  L.03 3,96  3.59
3.36 3.32 3.2 3.17
ool 3.86 3.68

wixe

3.54

3.3
3.a
3.57
2.8)
3.54
3.4
3.L8

100

3.17%
3.00
3.6
2.81
3.8
3.13
3.36
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LA e Lt

1 H

1 mo

0,054
0,0L7
0.076
0.056
0.06L
0.016

0.039

3me

0,049
0,030
0.075
0,047
C.059
0.018
0.0L0

TABLE VII

50 mc

0,042
0.030
0.078
0.030
0.052
0.019

DISSIPATION FACTOR OF
_EPOXY CDATINGS TWO INCGH .

QDISC _SPECIMENS
6.25 mc 30 mc
0.0LkL 0,040
0.035 0.030
0.077 0.065
0.052 0.03L
0.073 0.045
0.023 0.020
0.058 0.036

0,04k

0.047
0.033
0,070
0.031
0,066
0.026

0.059

0.049
0.03k
0.080
0.034
0.040
0.020
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TABLE IX (CONT,)

Yfr, Test Average
code | Laminate |specimen] thick, 1 mc, 50 me, 100 mc,
no, type of
panels Av., Q Av, F JAv, Q Av, ¥ | Av. Q Av. IF
F 8)) control - 97.0 0,010 99.3 0.010 83,3 0,012
coated | 0,003 70,4 0,014 |} 106.5 0.009 97.3 0.010
GB control - 171, 0.0%6 | 131,1 0.008 | 100.3 0,010
coated | 0,005 131,6 0,008 | 106.8 0.010 | 122,3 0.008
F control - 123,8 0.008 91,7 0.011 82.7 0.012
coated | 0,065 109,1 0,009 90,8 0,011 | 132.4 0,008
EXXP ("E)| control - 66,4 0.015 51,4 0,020 38,7 0,026
coated | 0.00L 65.0 0,015 L9.2 0.020 46,0 0.022
TP control - 68,2 0,015 1.5 0,021 37.9 0,026
coated | 0,005 63,9 0,016 7.5 0,021 70,6 0,01k
3 3E control - 93.9 0,011 71,3 0,014 30,7 0,012
coatel | 0,0C9 57.0 0,018 53,9 0.019 L7.5 0.021
a3 control - 164.8 0,006 | 1144 0,009 30,4 0,012
coated | 0,007 2L.7 0,012 73.4 0.Cly v 0,016
" control - 156.2 ~LONA 6.9 0.C15 65.3 0.015
coated | 0,708 61,0 C.01¢ 57.8 0,017 51,3 0,026
EXXXP (1E) | control - 66,9 0,015 37.3 0,023 38.2 0.026
coated | 0,008 47.2 0,021 33,0 0,026 32,3 0,030
PP control - 70,2 0,014 62,4 0,015 36,6 0,027
coated | 0,009 50,1 0,020 35.5 0.027 33,0 0,03C
5 = control - 127.5 0.008 .9 0,011 76.3 C.CLL
coated | 0.013 $5.8 0,010 71.4 0.0 63,9 0.015
3 control - 156.7 0,006 1119.8 0.003 76.3 0.013
coated | 0,011 12L,6 0,008 71.5 0.01y 79.3 0.013
Xy control - 124.6 0,008 95.5 0,010 75.2 0,013
coated | 0.015 102,8 0,010 74,2 0,014 78.3 0,013
EXXXP (PE) | control - 59.1 0,017 63,2 0.015 31,9 0,031
coated | 0,020 58,1 0,017 40,9 0.024 35.8 0,023
PP control - 80,4 0,012 L7.5 0,021 %3.2 0.023
coated } 0,014 65,5 0.015 39.4 0,025 43,2 0.023
I a3 control - 100,0 0,010 93.3 0.011 81,8 0,012
coated | 0,006 75.0 0,013 63,9 0,015 59,7 0.017
a3 control - 136,1 0.007 | 103.9 0,010 36,1 0,012
coated | 0.706 124.8 0,008 79.3 0.013 59,2 0.01Y4
0 control - 127.6 0,008 95.2 0.011 77.9 0,013
coated | 0,003 99,1 0,010 76,0 0.013 6.7 0,015
EXXXF (I'E) | control - 60,3 0,017 43.0 0.C23 39,7 0,025
coated { 0,006 5,1 0,018 35,8 0,020 35,4 0.031
P control - 72,6 0,01l 46,0 0,022 u5.3 0,022
coated | 0,007 5,5 C,015 }a,2 0.023 37.3 0.027
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Mfr, Test jAverage
code | Laminate [specimen] thick, L. 20 pc, 100._rc,
.no. type of Av, Q Av, F {av., Q Av, I ] Av, Q Av., [F
AA GE control - 72,1 0,01, |} 02,9 0.010 72,8 0.01L
coated 0.010 65.1-3 0.015 7602 00013 7-9 01017
a3 control - 91,2 0.011 | 124.8 " 0,008 29.9 0.011
coated | 0,010 79.7 0,013 9L.1 0,011 69.7 0,014
aF control - 92,8 0,011 | 106.0 0,009 35.4 0.012
coated | 0,008 79.1 0,013 8L.3 0,012 62,7 0.016
EXXXP (PE) | control - 16,2 0,022 Lk, 0,022 L3.4 0.023
coated | 0,009 39.9 0,025 L2,1 0,02} 36.3 0.023
FP control - 5L, 7 0,018 £3.0 0,019 L3.4 0,023
coated } 0,009 16,3 0,022 48.0 0,021 35.1 0,029
33 3E control - 6.8 0,015 76.0 0,013 62,9 0,016
coated | 0,008 45,5 0.020 Al 0,016 51.7 C.019
33 control - 18,7 0,009 }130,7 C.008 32,2 C.012
coated | O0.Cl1 8,2 ¢,015 29,2 0.011 7.3 C.015
F control - 81,9 0,011 97.5 0.010 35.4 0,012
coatel | 0,005 55,3 c.C15 27.4 0.C11 £5,2 0,0
EXXXP (FE) ] control - L1l 0,027 46,0 0,022 36,2 0,028
coated |0.006 37.1 0,027 40.8 0,025 7.1 0,027
FP control - 51,6 0.020 47.3 0.021 39.7 0.025
coated {0,010 h1.h 0.024 60,2 0,017 35.1 0,029
e |oE control - 59,9 0.014 91,0 0.011 70.1 0.014
coated [0.C09 92.6 0,012 82,6 0,012 6l.2 0.01
a3 control - 31,3 0.012 ]105.3 0,010 82,2 0,012
coatel 0,007 75.8 0,013 9.1 0.011 66,7 0.015
& control - 95.8 0,010 |107.3 0.009 85.4 0.012
coated 10,003 50.4 0.012 38,2 0.011 63.0 0,016
EXXXr (PE) |control - L7,2 0,021 L3,1 0.023 39.7 0,025
coated }0.C0% 42,7 C.02) 12,4 0.02) 36,8 0,027
PP control - 54,0 0,018 51,7 0,019 L3.L 0,023
coated 0,006 7.8 c.021 50,0 0,020 39.9 0,225
o |oE control - 60,9 0,017 77.9 0.013 65.4 0.015
coated }0.,009 62,3 0.016 74.5 0.013 56,6 0.018
38 control - h.9 0,014 [127.5 0,008 8L.1 0,012
coated ]0.007 100, 6 0,010 [109.9 0.009 73.9 0,014
ar control - 102.8 0,010 96,7 0,010 75.6 0.013
coated (0,008 1.1 ©.012 92.0 0,011 67.5 0.015
EXXXP (PE) |control - .0 0,023 43,1 0.023 36.0 0,026
coated [0.,006 12,7 0.023 42,3 0.023 33,7 0.026
Pr control - 51,3 €,020 LL.6 0.022 30.0 0,02¢&
coated [0,006 L9, 0,020 L7, 0,021 37.2 0.027

-XVe




B e o ey ey Fsmn e T—

--—-——————————-MW

TABLE X (CONT,)

Mfr, Test Average
code | Laminate |specimen] thick, Ca. 90 _mc,. 100, mc.a
no, type of
panels Av, Q Av, IF | Av, Q Av, F | Av, Q Av, L

oG GE control - 60,9 0.016 76.0 0.013 €5.4 0,015
coated | 0,010 57.4 0,017 69.3 0.,01s | L9.2 0.020
B control - 119.8 0,008 } 110.4 0.009 91.9 0.011
coated | 0,008 101, 6 0,010 97.8 0,010 7. 0.013
oF control - 88,7 0,011 95.9 0.010 7L.9 0,013
coated ] 0,011 81.4 0,012 82,1 0.012 6k.3 0,015
EXXXP (FE)} control - LL.O 0,023 Lk,.s 0.023 33.6 0.025
coated | 0,008 39.°2 0,025 L2.1 0.02l 51.6 0.019
PP control - 55,8 0,018 51,0 0.020 L41.3 0.024
coated | 0,007 Ls.3 0,022 LS.k 0,022 36.3 0.028
wH IR control - 66,6 0,015 75.5 0.013 59.3 0.017
coated | 0,009 55.1 0,018 66.5 0.015 51.6 0.019
33 control - 107.1 0,009 | 124,8 0,008 79.0 0.013
coated | 0,009 82.7 0,012 98,2 0.010 | 7L.4 0.013
F control - 88,5 0,011 | 104,0 0,010 72,6 0.0,
coated { 0,009 67.4 0,015 83,5 0,012 62,9 0.016
EXXXP (PE) | control - LkL.0 0,023 L3.hL 0.023 39.7 0,025
coated | 0,008 37.9 0,026 L1.8 0.02}4 3k4.1 0.029
PP control - 49,7 0,020 45,3 0,023 38.0 0,026
coated | 0.007 Ls.5 0,022 43,0 0.023 36,2 0,028
II a% control - 76.1 0,013 99,6 0.010 72.7 0.0,
coated | 0,003 61,4 0,016 72.7 0.014 55.0 0.013
13 control - 81.3 0,012 100,5 0.010 69, 0,014
coatel | 0,007 68,2 0,015 80.6 0,012 63.3 0.016
o control - 86,2 0,012 |107.1 0,009 32,1 0.012
coated ] 0,008 70.3 0,01k 7.6 0.013 61.7 0,016
EXXXP (PE) | control - 45.7 0,022 L6,7 0.021 78.9 0.013
ccated } 0,008 38.3 0,026 Lo.5 0.025 38.3 0,026
PP control - 52.6 0.019 55,2 0.013 39.6 0.025
. coated | 0,007 Llh.6 0,022 Lé. 0.021 33.7 0.030

~XVi-




TABLE XI - PHOTOGRAPH OF INSULATION RESISTANCE TEST SETUP
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SPRCIMEN Y
Laminate y
and Pattern Insulation Reaiatgxce, after {:I.n ohms
Sample No, | Number
initial | lst cycle |5Sth cycle | 7th cycle IOth cycle
0-11 1 80;:101"' 1.9:10‘“’ . x1 ]
‘ 2 8.0x1011 | 1.5x1030 | 7.0x1010 | L.2x1010
Sample A 3 7.5x1011 | 2.0@101° | 8.0x1010 | 7.0x1010
Control 1,5x104% | L,0x107 6,0x1011 | 1.0x1011
G-10 1 5.,0x1011 | 8,0x109 5.0x1010 ] 3,5x1010
2 g, 0x1011 | 7,0x109 5.5x1010 | 3,0x1010
Sample A 3 g.0x1011 | 1.5x1010 | 9.0x1 7.0x1010
Control 1.0x1012 | 2,2x106 8.0x10% 1.5x108 |
EXXXP 1 6,0x1011 | 1,2x1010 | 3,0x1010 | 2,0x1010
2 5,0x1 9.0x107 2.5x1010 | 1,.8x1010
Sample A 3 11 4Ox1 8.0x107 2.5x1010  |1.7x1010
Control 7.0x1 6.,0x108 5,0x1010 |31 ,5x1010
GF 1 s.ox10ll | 6,0x1¢9 2.5x1010 | 8,0x10°
2 5.+0x1! 70x107 2,.5x101 1.,0x1010
Sample A 3 5.0x1 9,0x107 4.0x1010  |1,5x1010
Control 9.,0x1011 | 3.5x1¢7  }1.0x109 7.0x109
XXXP 1 2.5x1011 | L4,0x109 2.,0x1010  |1,5x1010
2 2.5x1011 | 6,0x109 2.5x1010 | 1,5x1010
Sample A 3 5.0x1011 | 1.5x1010 |} 6.,0x1010 | L,0x1010
Control 1.1x1012 7.0x107 2.,001011  |1.5x1011
2.5x1011
2 1.2x1012 1,5x1012 l 0x1011 2.0x1011
Sample C 3 1.,5x1012 | 1.5x1012 | 3,5x1011 | 2,5x1011
Control 1.5x1012 2.,0x1010 5.0x1011 3,0x1011
GF 1 2.0x1012 | 1,0x1012 }3,0x1011 |1.5x1011
2 2.0x1012 | 9,0x1 3.001011  |1.2x1012
Sample C 3 2.,5x1012 | 1.0@1012 |3.,00a0011 |1.3x1011
Control 2.5x1012 2.2x107 3.0x10 Erratic
G-10 1 3.0x1012 | 9,0x1011 | 7.0x1011 | 3.5x101t
2 3.0x101% | 1.3x1012 |7.0x1011 |3.5xa011
Sample C 3 1.5x1012 | 1.8x1012 |s.oxa0lr  |2.5xcil
Control 2,0x1012 | 2.6x10 L e5x107 6.5x1C7
XXXP 1 2,0x1012 | s.ox1011 | 2.5x1011 |i1.0x1011
2 3,0x101 6.0x1011 | 3,0x101 8.,0x1010
Sample C 3 3,0x1012 | 4.,0x1011 | 3,0x1 7.0x1010
lcontrol 3,0x1012 | 1.3x106 5,5x107 2,0x108
G-11 1 5.5x1012 ] 1,0x1012 |s5.0x1011 | 2,0x1011
2 5,5x1012 | 1.5x1012 |s5,0x1011 | 2.0x10Lk
Sample C 3 5,0x1012 | 1.3x1012 |6.0x1011 | 3.0x1011
Control 5.6x1012 | L .6x10 2,5x108 2.5x108
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SPECTMEN Y
Laminate
and Pattern lﬂiﬂﬁtion Resistgnce, after (in ohms) _
Sample No, | Number
initial 1st cycle | 5th cycle | 7th cycle J1Oth cycle
G~11 1 1.5x1022 | 2.0x109 2,000 |1.0x101°0 }1.0x20° |8.0x1207
2 6.0x1011 | 9,0x108 5,0x10? 2.1x10% 1 .0x109 3.03:1090
Sample D 3 8.0x1011 | 5,00207 2.5x1010 4 1,5x1010 |} 1.5x1010 1.3x10:},
Control 1.2x1012 | 2.0x08 9,007 |1.5x109 J1.0x107 1.5x10
XXXp 1 box1or | 9.0x0° L.0x107 | 1.6x107 2,5x107 2.5xlog
2 bosxaoll | 1.5x107 5,5x107 2.5x10° 1 .0x10° 3,0x10
Sample D 3 g.0x1011 | 3,0x109 1.5x1010 | 7,0x109 9,0x107 7.0x109
Control 1.0x2012 | 1,001010 ]2.0x2011 J1,3x1011 §7.0x1010 }1.0x1
GF 1 ﬁ.leoﬂ 8.,0x108 2.5x109 1.5%107 1.5x109 1.3x1011
2 ox1 9.0x108 3.5x10 2 ,0x109 1.8x107 1,5x1011
Sample D 3 I ,0x1. 1.0x107 2.0a1010 | 2,2x109 2,5x107 2.,0x107
Control 1.,0x1012 | 5,0x107 3,0x107 3,0x108 3,0x10k 3,0x1
EXXXP 1 L.oxiol | 6.0x10° 3.00009 | 2.0x107 2 ,0x107 1,8x109
2 2.5x1011 | 7.0x108 2.5x109 1.3x109 1.5x109 1,1x10
Sample D 3 3.5x1 6.cx108 3.0x10% 1.6x109 2.0x109 1.5x109
Control 1.1x1012 | 1,0x109 2.0x1010 | 1,5x1010 | 9.0x109 3.5x109
G-10 1 5,0x1011 | 9,0x108 5.,0x109 3,0x109 1 .0x109 3,5x109
2 L.ox1011 | 9.0x108 5 ,5%x109 3.5x109 L .5x109 3.5x109
Sample D 3 s.oxa01l |1.2x109 8.0x109 545x107 7.0x107 6,0x109
Control 1.,1x1012 | 2.8x107 3,0x107 1.0x107 1.5x107 3,0x10
G-10 1 8.,0x1011 1.5x109 2.0x109 1,5%x109 1.8x109 1.9x109
2 1,0x1012 1.6x109 3,0x109 2.0x109 2.,0x109 2,0x109
Sample E 3 1,0x10%2 | 1.8x109 3.5x109 1.9x109 2.0x10% 2,0x109
Control 1.5x1012 | }.0x107 3.0x107 Lrratic 5,0x10k4 3.0x1
G-11 1 1.0x1012 | 1,.2x109 2.45x109 2.,0x109 1.8x109 2.,0x109
2 1.5x1012 | 1,509 3.5x107 2.8x109 2.5x10° 2,5x107
Sample E 3 7.0x1011 | 1.5x109 2.5x109 2.2x107 2,.8x109 2.,0x10
Control 1.5x1012 | 1.0x107 2.,0x107 8 1.5x108 2.0x108
GF 1 20110%2 1.2:&813 2.@:18118 1.2::10%8 1.0x18118 7.0::103
z 2,0x10 1.5x1 «Ox1 1.5x10 1.1x1 7.0x10
Sample F 3 2.5x1012 | 1.9x1012 |6,0x1010 |2,0x1010 |1.3x10% 7.0x107
ontrol 2,5x1012 | 3,5x108 3,0x107 0B 2.5x107 2.5x107
G-10 1 3.0x1012 | 1.,50012 |7,0x1012 ox10ll  l1.5x012  [s.o0it
2 3.0x1012 | 1,1x1012 |8,0x1011 |L.0x1011 |9.0x1011 |5.0x1011
Sample F 3 3.001012 | 1,1x1012 |8.0x1011 [Lh.0x1011 |9.,0x1011 |s5.0x1011
Control 3.5x1012 | L4,5x107 L 0x107 9.,0x107 1.8x107 7.0x106
EXXXP 1 1,5%1012 2.571011 | L,0x1010  |3,5x1010 | 2,5x1010 |1.0x1010
2 1.9x1012 | 6.002011 |1.0x1011 |8,0x1010 | s5.0¢1010 ]1.8x1010
Sample F 3 2.0x1012 | 7,000030 |6.0x2010 |5.5x1010 |3.0x1010 |1.1x1010
Control 2,5x1012 | 1.5x108 8.,0x109 1.1>x1010 | 7.0x109 3.0109
XXXP 1 5.0x1012 [1.2x1012 |1.5x1011 |1.2x1011 | 1.2x1001  |9.0x1010
2 3.5x1012 | 1.0x1012  |1.5x1011  |1.5x1011 f1.5x1011 {1.0x1011
Sample F 3 3,5x10 9.0x1011  |2,0x1011 J1.5x1011 ]1.5¢1011 |1.0x1011
Control li.0x101 5,5x107 5,0x107 E;r}%%ﬂ 8.,0x106 1.0x107
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SPECIMEN Y
Laminate
and | Pattern I_gg;l}%tion Resistance, after (in ohms)
Sample No, | Number " .
initial 1st cycle |5th cycle | 7th cycle [10th cycle
G-11 1 L4.0x1012 | 1.5x1012 | 6.0x1011 | 2.5x1011 § L.Oox1011 | 1.5x1011
2 3.5x1012 | 1,1x1012 | s.0x1 3.0x101! L.ox1011 | 1.5x10
Sample F 3 2,0x1012 | 8,ox1011 | L.0x1011 | 2.5x1011 § 3.0x1011 | 1.5x1011
Control 3,0x1012 | 3,5x107 0x107 5.0x103
Ge11 1 3.0x 1,5x10
2 2.,5x10%2 | 1.5x109
Sample G 3 1.5x1012 | 1.6x109 9
Control 3.0x1012 | 3,2x107 1,55107 7.,0x106 5 ,0x106 2 ,6x1!
EXXXP 1 2.5x1 k4.5x10 8.,0x10? 1.,5x1010 f 1.8x1010 | 2,0x107
2 1.5x1012 | 2,0x109 5,0x10? 1.0x10d 1,0x10% 2.0x10
Sample G 3 1.201012 | 1,.8x109 3,0x109 6 ,0x107 6.0x10 1.2x107
Control 2.5r1012 | 9,0x107 7.0x105 14,0x1010 | 1,5x1011 |} 3,0x1010
GF 1 1.2012 | 2.0x109 | 4.0x109 | 7.0x109 | 9.0x109 | 9.0x108
2 1.5x1012 | }.0x109 5,0x109 1.0x1 1.6x1010 | 6.0x108
Sample G 3 1.21012 | 3.0x10 14.0x10% 9,0x109 1.0x1010 | 1.0x107
Control 2,0x1012 { 6,0x107 7.0x107 Erratic & | 7 — 2,0x10l
G-10 1 1.3x1012 | 9,m109 1 0x109 1,1x1010 | 1,5x1010 ] 1,.5x109
2 1.1x1012 | 8.0x10 5,0x107 1.3x1010 | 8.0x10% 2 45x108
Sample G 3 1.2x1012 | L4.0x109 3.5x109 1.5x1010 | 1.8x1010 | 3.0x10?
Control 1.5x1012 | 2.8x107 L .0x107 Erratic 7.0x105 1 ,Ox104
XXXP 1 9 xold | L.5x109 7.0x109 1.0x1010 | 7.0x109 3.5x109
2 1 x10l2 5.0x109 6.6x109 9.0x109 5.5x109 3.0x109
Sample G 3 8 x1011 | 3.0x109 3.5x109 6.0x102, 3.5x109 2.8x109
fulid e, 4.. p— i N p—— .'.‘_._,,.,‘ - - - - ",, e Py
EXXXP 1 345x10 1.8x10 5,0x109 7.0x1010 5,0x1010 | 1,5x1010
2 3,0x1012 | 1.8x109 545x107 L.5x1010 | 3,5x1010 | 1,0x10%
Sample H 3 3.0x1012 | 1.0x109 7.0x109 3.5x1010 | 2,0x1010 | 6,0x109
Control 3,0x1012 | 2,2x1 5,.5x109 1.5x108 3,0x109 1.5x10%
G-11 1 3.,0x1012 | );,0x109 1.2x1010 | 1,0x1011 2.5x1011 | 1.5x1011
2 3.5x1012 2,0x109 1.0x1010 1.1x1011 3,0x1011 1.5x1011
Sample H 3 5.0x1012 | 1.8x107 2,0x10% 9.0x1010 | 2,5x1011 | 1.5x1
Control L.5x1012 | 2.0x10 740x107 2..5x108 4,0x107 1 .,0x10%
GF 1 2.5x1012 | 2.0x108 5,0x107 7.0x109 8.,0x109 5,0x107
2 3,0x1012 | 3,5x108 745x10 9.0x109 6.,0x109 5 ,0x10
Sample H 3 3.0x10-‘1-§ 1.5x108 9.0x102, 1.0x10%0 7.0x109 6 .0x109
Control 3.0x10 1.0x10 7.0x10 222307 Erratic 1.0x107
XXXP 1 3,0x1032 | 1.8x10? 1.3x1010 | 2,7x1010 | 6.,0x1010 | ).0x1010
2 3.5x1012 | 1.9x109 1.2x1010 | 3,0x109 6.,0x1010 | 3,5x1010
Sample H 3 3,5x101 1.2x109 1,0x1010  }1,7%x1010 | 6.0x1010 | 3.5x1010
Control 3.5x1032 | 2.0x107 2.5x107 9.0x107 1.0x1010 | Leaky
G-10 1 3,0x1042 | 1.1x107 2.,0x107 2.,0x107 5,0x1 3.0x1010
2 L.0x1012 | 1.0x109 1.5x107 1.3x109 3,01010 | 2,2x1010
Sample H 3 2.,0x1012 | 1.0x109 1.5x107 1.3x109 3.5x1010 | 2,0x1010
Control 3,0x1012 | 1.0x107 | 1.5x107 3,0x106 7.0610 5,0x106
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srEcnEN Y

Laminate
and Fattern ;
Sample No, | Number Insulation Resistance, after (in ohms)
‘ initial | 1st cycle |Sth cycle | 7th cycle [10th cycle
XXXP é 2.5x10}§ 3,5x1032 |1.2x1011 |1.0x1011 §1.5x101Y
Sample T 3-0x100% %-%ﬁigi% 1.3x1071 1.1x10M 1:2x1011 %‘8§%8%8
Cont 12 . o UX S l.o 10 11 * -
rol | 3.0x10 8.0x108 [ij.0x107 5.5;107 %'8?%87 %'g:%g%o
EXXXP 1 - -
3.5x1012 | 3,0x1011 }8,0x1010
5 THES .0x1010 16,0x1010 |3, 10
mrto 1| 3 | ORGHE | DORAT 20 | 2208 o 1530
ontrol 2|3 242 2.2x%10 10 {50
o .0x10 6.0x10 8.0x107 3.Sx107 %:gi%glo E‘gi{g
G~10 1 5 11 :
.ox1071 1, 5x101d 10 9
5 11 4 3.0x1077 |1.5x10 .0x101l 11
sanple 1 Liomotd , dguold |Zonott | Gastt | Somolt |5 ool
c 12 |32 5.0x .0 .
ontro; 5x10 .5x108  [1.5x108 L.Oiiglo E'gi%glo Z.gx%gg
G..ll l L4 oUX
2,0x1012 | 7,0x1011 <1011
5 15 |7 1 {3.5x1011 |2.0x1011 11
Sample I 3 %'gziglg ;séiigig %'SXIOii 2,0x1011 g:giigll i.giigii
Cont ‘ 12 * - 0x10 1.5x1011 |z 11 .
GF Con“rol | 3.0x1012 : -
! 3,0x10 2 5x107 1.0 8 6
12 |2 .0x107  1,5x10 .3x10°
Sample I g i:g;ing 2'8;%8%? 3'OXlO%8 2.5x1019 %.%:%810 i.giigg
1 1.21012 [ 170x109  |150%1010 f'gxioié 3.5:1010 12.5x1010
T - — — 1.5x1010 | 2,8x1010 [1,5x1010
.0x > T 1,7x1019 1o, 5x109 10
. > 12 ¢ DX 0] 1,5}(10 10
Sample AA 3 g‘g:%glz %-OX10§2 ».0x108  |1.6x109 5'82%88 g'gXIog
Control 3:Ox1012 1.ﬁ§185 g.gxigéo Q.SXIO%O Q:OXIOg 6.0§%89
. o UX g °
— - ——t _ 3.5x103 | 3.0x103 |1.0x103
«5X .0x10 2, 5x1010 [
2 12 L..leo 8.0 1010 = 10
Sample AA L | n |2t [eate Lot 178
Control |3.0x1012 [i,20x107 [a%0x107 310n108 %‘SXIOéO Z:SXIOg
XXXP 1 2.5x1033 |1.5x1012 1.5x1011 ¢ ‘ 11 A e
2 2 |5° . HX .5x10 11 5
Sample AA| 3 %‘8§%812 Z°OX10%% 1.5x1011 21 Ex1011 %:§§i811 %‘DXIO%%
Control |3.5x1012 »2x10°7 12.0x10 5.0x10tt 11, 3x10%2 '1‘EX1011
e DX 2.0}(10{ 7.0)(106 P.Oxlou 2’6/;103 La XlOB
GF ; h.Oxloig 1521022 |1.9%101L |5 ox10lX ~8- x - 2.0x1910
e, E - .o)x- .(J
Sample AA| 3 rono12 i'gxigié 5.0x1010 N1.5x1011 3 EA010 {315%010
Control |l.5x1012 1.3x o 0.ex10 2.5x1011 16.0x1010 i 1010
. .5x107 5x107 : ke Ox10
G-11 3.6x10 1‘0}(106 70(;)(1014- 9 OXlOl‘l‘
- 1 L} 0x1012 12 ‘ -
Sample AA 2 : 1> | 3-9x105 F.0x1011 J5, 0x1011
gy |2 oo (R SRR 1o
Control |[l.2x1012 {1.0 7 |3+ 220 9.0x1011 |3.0x1011 |2.5x1011
.2 .0x10 %107 3.0x10 2.5x10
1.5x100 fleaky 7.0x103 6.%x103
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SPECIMEN Y

Taminate
and | Pattern Insulation Resistance, after (in ohms)
Sample No, | Number o
initial | lst cycle | Sth cycle | 7th cycle [Oth cycle
G-11 1 I4.0x1012 u.Oxloli 1.5x1011 | 1.5x1012 | 1.8x10%2 | 1.0x1011
2 %.0x1012 3.5x1011 [1.5x1011 | 2,0x1011 | 1.5x1011 |1.0x101d
Sample BH .5x1015 5.5x10%1 2,0x1011 | 3,0x1011 | 2,0x1011 |1.1x1011
) Control | i.0x10+¢ | 3.0x107 |[2.0x207 |Erratic [J---e---- 3,0x106
EXXXP 1 3.0x1032 | 7.0x1011 |21.5x101Y | 5.0x20%2 Ju.0x101Y | 3.5x1021
> 3.0x1012 9.0x10%1 2,0x1031 |5.5x1011 | 3,0x1012 |3,.5x1011
Sample BH 3,0x1012 | 1,0x1012 {2,0x1011 |6.0x1022 |i.0x101T |3,5x1012
Control | 4.0x1012 | 3,0x1010 |).0x107 |2.5x108 Ji.ux108 }5.0x106
XXXP 1 1.2x1012 | 3.5x1021 |8.0x1019 [1.2x1012 | 3.5x1030 |2, 0x1010
2 1.5x10%2 6.0x101% 8.0x1010 }9.0x1019 | 2.5x1010 |1.5x1010
Sample BB 1,5x1032 6.0xlO% : 1.2x10%1 h.OxlO%l 1.5x10L% |2.0x1031
Control | 2.2x10 1,0x10 3. 5x10 1.8x10 1,0x10 2,0x10%
G-10 1 2.5x1012 | 6.0x1011 |1.2x1011 |2.5x1011 |1.5x1012 |8, 0x101Q
2 3.5x10}§ 5.0x103% 1.2x10%% 3.5x10%% 1.5x1033 1.0x1031
Sample BH 3 3.5x1012 | 5.0x10%t [1.3x10tt |3.5x101t {1.5x101t [1.3x10%t
Control |[.5x1012 |},0x107 |3.5x107 |5.0x10® |1.5x10® |2.0x105
GF 1 h.OxlOia 7.0xloli 1.5x201% {n.0x1011 {1.3x1011 |9.0x1010
. 2 5.0x101§ 5.0::10%l 1.1x10%§ L.0x1011 |1,3x1011 |8,0x1010
Sample BB| 3 3.5x1012 | [j.0x105% {1.5x102 u.OxIO%l 1.3x1011 |1.0x10%t
Control |L.5x1012 |1.8x10°% |3.5x107 [1.3x0° |1.1x107 |L.sx1ok
GF 1 L.5x1032 1.0x1012 |1.1x1011 {3.0x101} |1.5x1031 |1.0x101}
2 u.0xlo}§ 1.5x10%§ 1.3x101% [3.0x1031 {1.0x101} |9.0x1010
Sample CC L. 0x1012 |1.2x1012 |6.0x1010 |1.3x1011 |6.0x102° |5.0x102°
Control |6.0x1012 [2.0x107 [2.0x107 |5.0x106 |1.8x107 [i.0x106
XXXD 1 6.0x1012 |1.5x1012 [2,0x1011 |5.5x1011 |2.0x1081 |2.0x1011
) > §'§X%83§ %'§§%812 giggl %ﬁn %.8x1011 1oex10tl |I0cx1oll
Sam e CC DX TS o DXLUZ .. 1TI00 Qe |=wecm-

P Control |6 "x1012 2.OxlOEZ 6.0x1011 u.OxIOII %:%i%gil I:gi%gil
G-10 1 1.5x1032 11.1x1012 |1.5x1032 |1.3x1012 |5.0x1011 |5.0x1011
e oo 2 i.Ox%O%S %.0{1012 é.Sle%g 1.1x10%§ S.OxIOii S.Oxloi%

&m O [ ] x 0 L] XO .o 10 2.0 10 1. 10 Y

P Congrol 1.§x1012 2.2x10g 1.7%10 1.5?109 3.8?107 §.§§%85

EXXXP 1 1.5x1032 |1.5x1011 |9.0x1010 J9,0x1010 |5.0x2010 |2.0x1010

2 3.0x10%§ 2.5x101% 1.6x1011 |1.5x1011 |[-5x1010 |2.5x1010

SampleCC 2.5x1075 2.2x10% 1.0x10%1 1.0x10%1 |2.5x1010 |1.8x1010
Control [2.5x1012 |1.5x10 6,0x10 8,0x10 2.0x109 |1.0x107

G-11 1 2.5x1012 |;.0x1011 |1.3x1032 |1i.0x1012 |h.0x1011 |3.0x1011
2 3.0x10i§ h.OxlOii x.leoig 1.0x10%§ 3.5x101} 3.0x101

Sample CC 2.5x1035 |L..0x10z% [1.0x105% [9.0x103 3.5x10¢1 |2.0x10}t
Control |{2.5x10%2 |2.0x107 [g9.0x107 [7.0x10° {i.3x10® [1.3x1ok
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Laminate
and Pattern I
Sample No, | Number .nglgtion Resistance, after (in ohms
initial | 1st cycle |5t |
G-10 1 3.0x1012 < 11 5th cycle }Tth cycle HOth cycle llllth ovcl
2 .0x1012 e o1l 1.3x2022 |1,3x10%2 | 3.5x1012 11
Semple GG 3 %:011012 3-8x1011 1.1x1032 11.0x1012 »z'g"lon 2.5x10
Control 5.0 1012 3. 1107 1.31x1012 |1.0x1012 § 5. X1011 2.0x1011
.0x 5.8x107 [3.tx107 |1 = -5%10;; 2.5x1011
°F 1 4. 0x1015 10 ‘ L3ify [b-0mo® |0-omot
2 :5;1012 '8XI011 8.0x10%1 7.0x1031 [2.0x1011 .
Sample GG ox1012 | 5. x1077 ]1.0x10 2 |7.0x1011 2'QX1011 1. xloﬁ
Control | 6.0x10%2 R 1.0x1032 |7,0x1041 | «0x107y f1.05x10
o VX 1,0x10 u.0x107 h.Oxlo 2. 0x10g 1.5x1041
XXXP 1 6.0x1022 | 2. 521007 | 3. 0x1002 it 1:05391, |1.5x10°
2 12 | 5°% . 0x10 . 10 '
Sample GJ 3 %:g:%glg S'OXIO%% 3.0x1011 g.giigll $.8X1010 4. 0x107
Control | 2.5x1012 .5x1o7t [2.5x102% 12.0x1021 L+ 9H010 4. 0x1019
- x 1.5x107 ‘[s.cx107 [1.0x106 «0x10, 3.0x1010
-11 1 L.0x1012 {1 ,0x1011 |7 T 1.52106 |[7.0x105
Sampl 2 : 1 . .0x10 . 11
o o e e e e
Control | or0m1912 |118m07 3 oRIoll |37 0m0l |1 e o1l 1.0x1011
EXXP . 1.8x10 l.0x107 |2.0%105 %.g§%85 2-3x10%0
1 .0x1012 : -2x10
2 g 0;3812 3‘51193']1_ 6.0x1031 [8,0x1011 | 2.0 11 .
NI I el e
C * X .0x10 1> .0x10
ontrol |5,0x1012 |s,5x107 |8.0x107 g:giigé 2.0x1011 |1.0x101
Samp. 3 3‘OX10i§ FEPSYETI AT IR P ;— 100
ple HH) 3 3.5x1013 | 3i0xdot} |700x108 e oxlon 1.5x101 16.0x1030 ¢
Control i dx10l2 L.Oxlo7 6.0x10+1 G.leoll 1 xlO11 7.0x1010
~ . 2.9x107 [6.0x107 [1.0x105 l'giigé E'OX1020
1 6,0x1012 . .2x10
Sampl 2 8 0;1812 1'GX1O%S 6.5x1011 J8,0x1011 |2.0 11
ple HH 9.5%x1012 ZeOx1091 6.0x1011 [8.0x1011 :';Xloll 1.1x1011
Control |1:0%1013 [510%10 .0x1031 17.0x1041 2.5x1037 |1.5x1043
: 2.0x10 “ox107 Lok {5:05910 1.3x1041
G-10 1 5. 0x1032 11 i 7.0x1019 |5,0x101"
2 6.C'x1012 6.0x1011 7.Ox101} 9.0x1011 5 11 11
Sample HH| 3 SFSrEl s pet T oxol2 [aroxioll [2romort [5omon
Control 1.011013 .OXJ‘O7 9.07(1011 ] OXlOll .ﬂXIoll 3.0x10
- . 2ion107  fioxiod  [Ioxies  [3ioxiet 2.Ox10%1
= 1 12 * . 0x10
! ;.81%81L h.OxlO%% 7.0x101L 5. ox10l |2 I
Sample HH| 3 Biomorz i onew g=°110§i ARSTSER | eE &'SX1oii
4 . .0 * . 10
Control .1x1013 2.0)(108 8 Oﬁ.88 ?.Oxlo%l ]_.leoll 1.0;1011
EXXX . ..0x107  |1.0x107 6
g 1 2.0x1012 |3.5x1011 |8 11 - 0x10
2 . - X .0x10 11
Sample HH 3 ;‘2:%812 3-5x10i§ 1,0x1012 g:giigll 3'gXIOi% 3.0x1011
comra_|hmony |5bner ot proms Jrddon Broaonn
lox10®_Flomoe |rishiol [5iomor
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Laminate
and | Pattern Insulation Resistance, after (in ohms)
Sample No, | Number
initial | 1st cycle | 5Sth cycle | 7th cycle [1Oth cycle
XXXD 1 .2x1012 | 3,0x1011 |1.5x1011 |1,8x1011 }9,0x1030 |6.0x1010
2 .3x1012 | },0x1011 |2,5x1011 | 2,2x1011 §1,1x1011 | 7,0x1010
Semple II .5x1012 { 2,0x1011 |2.0x1011 J18,x1011 J1.5x1011 |8,0x1010
Control |1 x1012|2,0x108 |7.5%x107 |Leaky  f1.0x107 |7.5x105
GF 1 +5x10. 2.5x10 1.3x10 6.0x1039 f1.5x10 1.1x10
2 .leoB 3.0x10H 1.0x10H 6.0x10}8 1.8x10}8 l.2x10i8
Sample IT 9 "x1011 | 7,0x1010 }7.0x1010 §1.0x1010 §1.3x1020 |9.0x10?
Control | 9.9x1011 | 2,2x107 |L.5x10 SiOxi§5 1.0x105 |3.0x10b
ea .
EXXP 1 .2x1012 | 7.0x101% |s5.0x1010 |8,0x1010 | 2.0x1010 }1.5x1010
2 .01x1912 1.1x10}1 u.sxlolg 8.0x1030 | 2,0x1010 |1.5x1010
Sample IT] .6x1012 | 7.5x1010 ), 0x1010 |6,0x1010 |1.8x1010 |1,5x1010
Control 6x1012 | 7.0x207 |9.0x10 1.5x1010 | 8,0x109 |s5.0x109
G-10 1 3x1012 13,0x1011 J4,0x1011 lL.0x101) |2.5x101) |2.5x1011
2 1 x1012 {[,0x1011 |6.0x10 .OxlO%l 3.5x1011 [3,5x1011
Sample II 3 8x1012 | 3,0x1011 |5,0x1011 |L,0x10 [-7x109 3é0xl%11
' rra C
Control .8x1012 | 3,5x107 |1.0x108 |2.0x106 |2.0x106 |L.5x10
G-11 1 1 x10%2 {y.0x1011 3(@%%21%c 3.0x1011 11,8x1011 |1,5x1011
sample II| 2 .5x1012 |1, 3x109 5.0x105 3.5x1011 |1,5x1031 1,5x1011
.1x1012 |1 x1011 }2,0x1011 |2,0x1011 |9,0x1010 |1,0x1011"
Control |9 =x1011 |2,6x107 |L.5x207 |1 x106, }2.0x105 |1.2x105
(Leaky)
G-11 1 8 x1011 |1 x10!! hi.sx101l f1.1x1011 {6.0x1010 |6.0x1010
2 ------------------------------------
Sample GE[ 3 7.0x1011 1.ux10é1 2.0x1011 [1,5x1011 |8,0x1010 |7.0x1010
Control 1x1012 | 2. 0x10 2.0x10 1.5x10 1.5x107 {5.0x107
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SPECIMEN £

Laminate
and | Pattern Ingsulation Resistance, after ohms)
Sample No, | Number
initial | lst cycle ] 5th cycle | 7th cycle ROth cycle
G-11 1 3 x1012 2.0x10i1 |. 2.0x1011 | 6.0x1010 6.5x101O L.0x10%0
2 1.0x1012 5.0x1011 | 3.0x1011 |9.0x1010 z.onolo ' 6,0x1010
Sample A 3 1.0x1012 3.0x0ll | 2.5x011 |7.0x1010 7.0x101]; 0.Ux1010
Control | 1.8x1012 7.0x107 3.0x107 |6 xa0k 6.0x10 2.0x10°
XXXP 1 1.7x012 | 2.,0x1011 | 9,0x101% [2.5x1030 [ 3.0:010 |2.5:010
2 .5x1012 2.5x1011 | 1.0xa0l |{3.0x1010 [ 3.0x1019 [2.5x1010
Sample A 3 1 x10i2 L.0ox1011 | 1.1x10%1 {3.0x010° | L.5x102° |3.0x1030
Control | 1.3x10°2 2.5x107 1.5x107  |5.0x107 | 1.0x108  15.0%107
GF 1 1.0x1012 1.0x1010 | 1,2x1011 ]2.5x1010 2.5x1010 }2.5x010
2 2.0x1012 3,00 | 2.0x1011 |6.0x1010 6.0x1010 |5,5x1010
Sample A 3 .5x1012 3.0x10:1 | 2.5x1011 }6.0x1010 8.0x1010 |6,0x1010
Control | 1.0x1012 8.0x108 3.5x108  [1.0x107 2.0x108  |9.0x108
G-10 1 1.0x1012 3.5x101% | 2.5x101t |6,0x1010 6.0x10%° }s5.0x0%°
2 1.3x1012 L.0x101l | 3.0xm0lr |é6.0x1010 8.0x101° }7.0x1010
Sample A 3 1.8x1012 6.0x1010 | 3.0x1011 |5.0x1010 5,0x1010 }i.0x1010
Control | 2.0x1012 | 1.0x108 | 2.0x108 }1.0x05 7.5x10°  |2.0x106
EXXXP 1 1.0x1012 1.2x101 | 2.0x101t {L.0x1010 3.0x1029 {3.5x010
2 1.0m10L2 2.0x101 | 1.5x1011 |L.0x10%0 3.5x1020 |3.0x101°
Sample A 3 1.0x1032 2.5x101! 1.7x10él L.0x10%0 3.5x101% |3.0x103°
. Control | 2.0x1012 3,0x10% 7.0x10 5.0x10% 3.5x07  [1.0:07
EXXXP 1 1.5x101°2 1.5x10% | 3.5x1011 1.5x1011 1.0x10+1  |6.0x1010
2 2,0x1012 1.5x1012 | L.oxaoll |1.8x101l 1.3a0M  {7.0x1010
Sample C 3 2.0x1012 1.5x1012 | ),0x10t  |1.8x10it 1.5x108  |7.0x1010
Control | 2.2x1012 2.5x107 2.0x109  |1.5x107 1.0x10 2.0x108
G~10 1 3.0x1012 1.5x1022 | 8.0x1011 |L.0x1011 5.0x1011 3,550
2 2.5x1012 2.0x1032 | 8.0x1011 |L.0x101t L.ox1ott 11.0x1031
Sample C 3 2.5x1012 2.Sx10%2 8.0x10%+ [L.5x1012 5.0x101t  |i.0x101t
Control | 3.0x1012 2.0x10 2,0x107  {2.0x10° 1.8x10° |6.0x10b
GF 1 6.5x1012 | 3.5x1012 | 6,00t |3.5x1011 | 3.0xa0l fo.sxioll
2 3.5x1012 | L.oxa0 | s.oaoll [3.0xa0ll | 1.5x0Ml J1.1xa0il
Sample C 3 3.0x012 | 2,0x1012 | 3.0x0% |i.5x10%t | 1.0xa011 [8.0x1010
Control | 3.0x1012 1.5x107 2.2x108  |3.0x10% 3.0x107  |3.0x100
XXXP 1 2.5x1012 3.0x1032 | 5,0x1011 [3.0x101 3,0x10i1  [2.0x1011
2 2.5x1012 L.sx1012 | 6.0x10 3.0x1011 3.5x1011  ]2.5x1011
Sample C 3 2.5x1012 2.0x1012 | ¢,0x1011 |3.0x1011 3.0x1011  |2.5x1012
Control |2 x1012 9.0x107 7.0x107  |L.0x105 8.0x1.0% |1.0x10°
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SPECIMEN X

Laminate
and | Pattern ]_:_m}%tion sistance, after ohms
Sample No, | Number "
initial | lst cycle }]S5th cycle | 7th cycle JlOth cycle
G-11 1 3.0x10%§ 5,0x0%2 | 7.0x101! |5.0x1011 L.5x1031 |3.5x1011
2 3,0x10 5.0x1082 | 3.oxi0ll {1.5x1011 1.5x02 [1.3x011
Sample C 3 3.0x022 | 3.5x0%2 | L.oxi0M L.8x0d | 3.0m0ll f2.0xa0lt
Control | 3.0x10%2 2.5x10% | L.0x107  |1.5x10 1107 |1.2x108
XXXP 1 .5x1012 3.5x107 2.0x101° {2.0x10° 1.0x10° |8.0x107
2 .5x1012 L.0x109 1.5x1010 |2.0x107 6.0x10-%  |5.0x107
Sample D 3 5x0i2 | 3.7x07 | 1.5x1010 2.1xlOZ 9,0x10¢  |7.0x107
Control | 1.0x10%2. | L.ox107 less then 10°}9.0x10 | 3.0xa0f  fu.oxot
a-11 1 1.0x1012 L+ 5x109 1.6x100 |1.9x107 8.0x107 |7.0x107
2 1.0x1012 L.5x10 1.8x1010 {2.5x107 8.0x107  |3.0x107
Sample D 3 2,0x1012 | 5.5x109 | 2.0x10%% ]3.0x207 1.0x10% |1.0x0!0
Control | 2.0x1012 3.5x107 3.5x107  |L.ox0b 1.1x10°  |2.0x0%
G-10 1 L,0x101L L.5x107 1.8x1010 [2.1x107 8.0x107  |6.0x107
2 .5x1012 L,.0x10 2.2x1019  |3.0x107 . 1x1019 ls.0x107
Sample D 3 1.0x1012 L.5x10 2,0x1010  {3,0x107 1.1x1010 |8.0x107
Control | 1.0x1012 2.5x107 L.ox107  }1.0x105 1.3x10°  {9.5x108
GF 1 .2x10%§ s.onog 1.5x10i8 3.0x10§ 9.0x10§ 7.0xlog
2 .2x1072 5.0:007 1.5x1070  |3.0x109 7.0x10]  |7.0x10
Sample D 3 .2x107% 5.5x10 1.5x10 3.5x10 6,010 7.5x107
Control .5x10 L.7x107 erratic  |2.0x1 2.0x10%  |2.0x10t
EXXXP 1 3.5x10i§ 7.0x107 2 .Snolg L.8x107 9.0x107  |8.0x107
2 2.01107% 6.oxlog 2.ox105}O 3.5x107 8.0x1.07 6.0x10)
Sample D 3 2,0x1072 5.5x10 1.8x10¢ 3.5x10§ 1.0x0g° 17.010;
Control |2.0%10 1.000° | s.0q08  |5.0x0 7.0x0°  |3.5x10°
(erratic)
G-10 1 2.0x1012 | 1.5x10%0 | 3.0x0%0 ]6.0x107 1,100 |9,0x107
2 1.5x1012 1.3x1010 2.2x10%8 6.0x107 1.0x102° |8.0x10°
Sample E 3 1.5x012 | 1.5x1019 | 2.0x10%° [s5.5x107 9.0x102  |8.0x107
Control |1.5x10%2 1.3x107 5.0x107 |5 x10° 1.5x10° |leaky
(leaky) (leaky)
EXXXP 1 2.0x10%2 1.5a010 | 2,1x1010 }7.0x109 8.0x10°  |6.0x107
2 2.,0x1012 1.7x1020 | 2.5x1010 |8.0x107 1.0x101°% ]7.0x10%
Sample E 3 3.0x1012 1.5x1050 | 2.0x101° 6.5x10° 8.0x107  16.0x107
Control | 3.0x1012 2.5x10 8.0x107  |L.0x105 3.5x10k  |8.0x08
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SPECIMEN X
Laminate
and | Pattern Mtion Resistance, after (in ohms ,
Sample No, | Number
initial 1st cycle | 5th cycle | 7th cycle HOth cynle
XXXP 1 2.5x10]1-g 1.3x10%0 2.lx1018 8.0x107 1.0x1010 |} 9.0x107
2 2.0x10 1.2x1019 | 2.2x1019 |8.0x107 1.0x101% | 9.0x107
Sample E 3 .9x1012 1.0x1010 1.5;@010h 5,0x107 8.0x107 | 6.0x109
Control 1.5x1012 L.0x107  Ress them10% | 9.0x103 7.0x103 | 5.0:a03
6-11 1 2.0a2012 | 1, leoéo 2 .5x1018 9, OxlOg 1.1:10° |1. le.OéO
2 2.0x101% 9.0:07, | 1.5x07, f5.0x107 9.0x10§0 5.5x107
Sample E 3 2.5%1077 1.2x107 2.0x10") |7.0:107 1.0x10,7 19.0:0;
Control 1.0x10°° | 5.0x0"  |essthen10” |1.0x10 L.0x10 $.0x10
GF 1 1.5x012 | 2.5x10%0 | 2.5x1010 }7.0x107 9.0:107 | 1.5x10%¢
2 1.5x1012 1.5x1039 | 1.8x1010 |6.0x107 7.0x10° | 1.0x1010
Sample E 3 1.0x1012 | 1,7x1010 | 2.0x1010 |é6.0x109 6.0x10f | 1.2:0/C
Control 1.0x1012 1.0x07 3.5x107  |s5.0x10b 5.0x10°  |1.3:a04
G-10 1 1.5x1012 | 3.0x10} | 3.sx10il fe.oxaoll | o2.oxacll |u.oxa0ld
2 1.0x1022 | 1,810l | 2.0x108% [L.xanll [ 100101 [2.5x10M
Sample F 3 5x2012 | 1.0kt | 1.5x103 [9.0x010 8.0;@0%0 2,010
Control  |1.0x0%2 | 8,0x07 | 2.0x107 |2.0x106 2,0x10¢ | 1.5+%10°
GF 1 1.0x1012 1.3x1011 | 1.8x1011 1.0xlo}1 1.0x1011  |3.0x011
2 1.5x1012 2.0x101 | 2.5x1011 |1.5x103 1.5x101L  |3,0x0%t
Sample F 3 1.3x10}2 2.5x1011 | 2.8x1011 {1.5x1011 1.5x1011  [3,0x1011
Control .9x10}2 3.0x107  |less then 1010510k 1.0x104  |3.0x20b
XXXP 1 .8x1012 1.3x1011 | 1.0x1011 |5.0x1019 ¥ 5.001010 [1,0:q011
2 .6x1012 1.5x1011 | 1.2x1011 |L4.0x1010 3,0x1010  ]&.0x1020
Sample F 3 .5x10%2 1.5x1011 | 1.0x1011 |i.5x1010 3.0x1010  I5,0x1010
Control J1x1012 7.0x107  |lessthenlnl - - 5.5x10l
G-11 1 .01x1012 1.0x1011 | 1.5:108L  J9.0x1010 8.0x101°  |1.0x1011
2 9.9x1011 1.3x101r ] 1.8x101l h.osaoll 9.9x1019  |1.3x1011
Sample F 3 t.5x10Lt 1.1x108t | 1.ox10t1 | {8.0x1010 6.0x1010  ]8.0x101°
Control 9.0x1011 7.0x107  |1ess then 104 }9.0x103 2.0x104  |2.0x0b
EXXXD 1 9,0x10}1 5.0x108% | 7.0x1019 }5.0x1010 3,000 12.0x1010
2 9,0x1011 1.5x1011 | 1.5x1011  9.0x1010 6.0x1050  ]3.0x1010
Sample F 3 8.0x1011 | 1.2x108 | 1.3x10M fo.0x1010 | s.0x1010 }3.0x1010
Control 8.,0x1011 5,0x107  |tess then10l [6.0x10b 6.0x10%  |1.Lxaob
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SPECIMEN X
Laminate
and Pattern Insulation Resistance, after (in ohms
Sample No, | Number
initial | 1st cycle | 5th cycle | 7th cycie JlOth cycle
G=10 1 3, leoig 7.5x107 1. leojj:g 1.5x107 1. leolg 2.0x10°
2 3,0:072 B. 5"1019.0 Lhx10ld 2,00 0o’ 1,000 |2.5x10°
Sample G 3 3.0x102 1,107 1.5x10) 2.2xlOZ 2.0x10§° 3.0xloz
Control 3,0x10° 3.5x10 1.,0x10 1.0x10 L .0x10 L.6x10
EXXXP 1 3,0x1012 9.0x1011 | 8.5x107  |1.3x107 8.0x10° | 2.0x107
2 3,0x1012 7.0x109 7.5x10° 1. 2x10§ 6.0x10° |1.7x202
Sample G 3 L.saol2 | 5,0a09 | L.5x107 L.0x10¢ 5.0x107 7.02108
Control | L.0x1012 erratic 1;.0x10 1.5x10 2.0x10 5.0y105
G-11 1 L.0x1012 | 8.0x107 9,0x107 [1.1x207 2.0x1019 {1.0x109
2 1,.0x1012 L.8x107 9.0x107  |1.0x109 2.5x1080 | L.0x107
Sample G 3 3,5x1012 1,0x2080 | 1.5x1010 J1.5x107 1.5x1010 | L.0x109
Control | L.0x1012 2,0x107 3.0x10° | 3.0x10b g.0x104 | 5.0x104
XXXP 1 6.5x101§ 9.0xlOZ 1. sxlo}g 2,0x107 1.5x10%° [5.0x107
2 5.0:@0%2 7.5x10° Lix1009 |1, 5x10° 1.5x1039  |5.5x107
Sample G 3 5.5x1012 8.0x107 1.3x10% 1,1x107 2.0x1080  |5,5x107
Control |L.5x10 1.0x107 cox10® 5 ool soox0t |1.0:05
GF 1 5,5x1012 8.5x107 7.5x107  |1.0x107 1.1a0%0 |L.0:109
2 h.leOlg 9.,0x107 7.0x107  |1.5x109 6.0x107  |3,0x10%
Sample G 3 3.6x10% 3.0x107 5.0:09  11.0x107 2.1x107  |1.0:109
Control 5,5x1012 2.6x107 7.0x08  |1.0x104 6.0x10t  |L.0:105
—_——
XXXP 1 5 .Oxlolg 5.0x108 7.5207  |3.5x08 7.0x1010 |3.0x109
2 L.5x10l 9.0x107 1.8x1010 |1.0x107 5,0x1080 |L.5x107
Sample H 3 Lox1012 | 8.0x09 | 9.0x109 |5.0%108 6.0x1010 |1.5x109
Control - - - - -
G-10 1 s.sxloﬁ 1.0y.10;;0 l.OxlOlcl) 3. sxlog 2.0x104  J2.5x1010
2 2.5x101% 7.0x105 1.5x10}0 3.0x10° 3.5:05 |5 05107
Sample H 3 3,0:107 1,.0x107 b 53107 1.2xloz 3.0:x050  |1.5:a080
Control L.0x10 1.1x107 1.5x10 2.0%10 1.8x10°  |7.0x10t
EJXXP 1 L,.0x1012 L.0x108 3.,0x1010  |1.0x109 1.5x1011  |5.0x109
2 1,,0x1012 2.0x108 2.0x109  |h.ox108 6.0x1010  }1.0x109
Sample H 3 3.0x1012 2.,0x108 2.5x109  J1.5x108 3.0x1010 |1 .0x109
Control | L.0x1012 2.5x107 L.ox108  13.0x105 3.0x105  |1.0x10b
GF 1 h.leOig 3.5x100 1.0:(1018 h.leog 8.0x1030  {).0010°
2 L0107 5.0x10p 1.0x1010 5.0x10 8.0x102° |<.0x109
Sample H 3 3.5x1072 7.0x10° 2.0x10é 9.0x10 1.5x101  |1.0x101°
Control L.5x10 3.5xl()7 1.0x10 5.0x105 - 9.0)«:10h
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SPECIMEN  x

| Laminate
: and Pattern Insulation Resists_gce, after (in ohms)
. Sample No, | Number
; . initial 1lst cycle |5th cycle | 7th cycle [LOth cycle
G-11 1 h.OxlOlg 1.0x102 L.0x107 l.Bxlog ©7.0x107  11.1a07
- 2 h.onoiq 2.2x10¢ 2.5xlog L5daog  k 7.0x10§0 1.22107
i Sample H 3 4.0x10:5 5.0x107 h.0x105 2.0x10) , 1.110) 2.0xlOi
Control 5.5x10+¢ 2.5x10 9,0x10 2.0x10 5.0x10 5.0x10
1 XXXP 1 6.0x1012 1.5x1011 | 9.0x0%0 {3.0x1010 7.0x1010 13,0010
2 3.5x1012 1.0x1011 | 6,0x1019 {2.0x1010 L.0x1030 | 2.0x1010
Sample I 3 L.5x1012 5,0x1010 | 7.0x1010 |2.5x1010 5,0x10:9 | 3,0x1010
l Control | 5.0x10%2 2.0x107 1.5x00°  {1.0x104 3.0210%  |5.0x10
G-l 1 3.5x10+4 1.5x102° | 1.3x20* }L.0x1010 3.5x10:L  [1.5x101t
l 2 3,0x10%2 1.1x10: | 2,501l |7.0:100 2.0x1081  {7.0.0010
Sample I 3 3,0x1012 5.0x1011 | 6,00t |2.5:a0ll | 3.0x10it [2.0x0il
Control | 3.5x1012 1.0x108 1.0x107  |2.0x106 1.5x108 | 2.0%106
l G=10 1 L.0x1012 5.0x1011 | s.0x10t f1.0x10i L.0x1031  Jerratic
2 L,,0x1012 7.0020L { 6.0x1011 |2.5x101% L.ox10tt J2.0x0it
Sample I 3 4.0x10}2 8.0x10: | 6,0x1011 |2,5x1011 Liox10il [1.5x10%
' Control | 2.5x10%2 8.0x107 3.0x104  |7.0x107 3.0x101  |5.0:a010
(Yeaky)
l EXXXP 1 3.5x1012 2.5x1012 | 2.0:1011 |e,0:010 8.0x1010 }3.5,10iC
2 3.8x1012 1.5x00%2 | 1.5xm011 ]6.0x10010 8.0x1010 | 2,5:0019
Sample T 3 L.0x1012 1.xaote o110t f6.0x10t0 8.0x1010 [3,0x101°
l Control | L.5x1012 2.5x106 2.0-108  |6.0-107 1.80x08  3.0x107
GF 1 L.1x10%2 L.0:10+2 | e.oxi0ll |o.omoll L.0x103L J2.5x1012
2 L. 7x1012 L.sx10te | a,0xm0tl  |3.0x0%L L.ox10Mt 2.5x10i
l Sample I 3 l;.8x1012 3.0x1052 | 5.0x1011  |1.8x101t 2.5x1011 f2,0x10lL
Control | v.91x1012 2.0x107  |1ess then 104] 2.0x0 08 2.0x108 {6, 5x10l
—
' G-11 1 5,010+ Loxiere | ooooxaotl lLsx010 1.0x1011 ), .0x1n10
2 L.0x1012 3.0x0% | s.0x0lt f3,1x101L 3.0x10M |2.8x10
Sample AA 3 L.5x1012 L.ox1032 | 8.0x1012  f5.0:0012 L.ox1oH  {s.0x0
l Control | 5.0x101+2 8.0x107 2.0x10%  ]5.0x10 1.808  |1.0x107
GF 1 L.5x1082 | L.oxa0r | 8.0xolt fs.0:a0ll | os.oxort fh.oxioll
l 2 5.0¢1012 | (0x1012 | 8.0x0Mt 6,001t | s.0x0!t |5.0x100t
Sample AA 3 5.5x1032 | 7.000l% | 8,00t Je.0acll | 6.0:a0ll 500l
Control | 6.0x1012 1.5x107 3.5x107  |o x1ob 1.1x10°  |1.5x105
l G-10 1 7.0x10%2 7.5x1012 1 3,5x1011 3,000l L.0x1011  |1.0x108
2 6.5x1012 8.0x101¢ f.0x1011  {5,0x1011 5,0x1011 Q) .0x1011
Sample AA 3 6.5x1012 (.0x1012 9,0x1011  |5.0x1011 5.0x1011  ]3.5x1011
l Control | 6.0x1012 1.0x109 1.1x107  }2,0x106 1.0x106  ]9.0x105
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SPECIMEN X
Laminate
and Pattern Insulation Egsistgce, after ‘in ohms
Sample No, | Number
initial | lst cycle ] 5th cycle | 7th cycle [LOth cycle
EXXXP 1 5,8x1012 2,5x1012 | 3,0x1011 |8,0x1010 1.5x10:1 | 4.0x1010
2 6.0x1012 3.5x1012 | 3,0x1011 |1.0xa01l 1.2x1011 | 5,0x1010
Sample AA 3 5,8x1012 L.5x1012 | J.sx1011 |1,5x1011 2,001 |7.0x1010
Control | 6.0x1012 8.0x107 2.0x108  ]1.0x105 1.2x105 | 1.6x105
XXXP 1 6.2x1012 3.5x0% | 3.5x108. |1.0x108 1.0a08  |s5.0x107
2 6.5x1012 3,0002 | 2,2x1011 |1.0x10Ml 2.0x1011 |8,0x1010
Sample AA 3 6.0x1012 L.0x1012 | 2.5x1011 l1,5x1011 1,130t |8,0x1010
Contzol | 5.5x1012 1.2x107 | 1ess then10M 1.2x103 1.3x03  |1.5x103
GF 1 9,9x1012 3,0x1012 | 3,0x01l |1.5x011 2.0x1011 |1.0:011
2 5,5x1012 L.5x10+2 | L.0xa0il }2.0x1031 2,0x1011 | 1.5x101
Sample BB 3 6.,0x1012 h.0x10é2 3.5x10L {2,001 2.0x1011  |1.2:101
Control | 5.5x1012 7.0x10 1.5x00° |L.0x108 2.0x10% | L.0ox108
G-11 1 7.0x1012 1.5x1013 | 8.0x1011 |3.5x1011 L.0x1011 |1.5:1011
2 6.0x1012 1.5x1013 | s.0x0!l |i.0x1011 5.0x1011 |2.0:a01)
Sample BB | 3 6,0x1012 1.5x1013 | L.oxioll [2.5x1011 3.0x1031  [1,5x1012
Cont ol | 6.0x1012 7.0x1010 | 1.0x10 L.ox107 1.5208  }5.ov107
XXXP 1 6.0x1012 7.5x1022 | 6.5x10tt {3,008 L.0x10il |2,0x1011
2 6.5x10)2 9.0x10 | 7.0x10} 2.0l L.ox10il fo.c.a0ll
Sample BB 3 6.5x1012 6.0x1032 | s.ox10tl 2,501 3.0x1031  f1.5x1012
Contiol | 6.0x10%2 8.5x10%0 | 9.0x209 [1.5x08 L.ox108  |2.0:08
EXXXP 1 6.0x1012 5.0x10%2 | L.0x103% [2.0x109 5.0x10:0 [1.5x1010
2 5,5x1012 L.ox10:2 | 2.0x101 ]9.0x1010 6,0x1010  }2,0x1010
Sample BB 3 6,0x1012 5.5x1012 | 2,2x10ML f¢.0:010 5,0x1010 |1.8x010
Cont. o1 5.5x1012 1.5x0 | L.ox101° |1.0xa07 2.0x108  |9.0x97
G-10 1 7.2x1012 1.0x1033 | 8.5x01 3.0x101k 6,010l |, 01011
2 6.5x1012 1.0x1013 | 7.0x1011 }L.0xdolt 5.0x101  |3.0x107
Sample BB 3 6. x10L2 1.0x1013 | 8,0x101 [5.0xq01 6.0:103% i, 0x0tt
Control | 6.0x1012 1.68x107 1.3x08  |5.0:0° 5.5x108 2. ox10k
G-11 1 6.Ox101§ l.leO%g l.OxlO%i 6.0x10+1 6.0x10:1 L.0x101L
2 li.0x10} 1.0x1072 | 6.5x100 13,0400 | Lh.oxiolr [2.sxaolt
Sample CC 3 h.OxlO%S 1.0x10 7.0x10% L 3.0x101t L.0x10:l 2.5x101t
Control L.0x10 S.OxlO7 less then 10 - 1.2 xlO5 1.1x105
G-10 1 L.0x1012 1.5x1012 | 5.0xa0ll 13,5x1012 L.ox1011  f2,5x1011
2 L.0x1012 1.3x1012 | s5.0x101 |).0x1011 5.0x1011  }1,.5x1011
Sample CC 3 L.5x1012 1.5x1012 [ 5.5x1011 [3.0x1011 L.0x1011 |2,0x10l1
Control | 5.0x1012 5.0x1010 | 3.,0x108  J2.0x10 2.0x109  ]3.0x107

- X¥RI =



—

peune umm SINE DEE MER SN sEs ad el E e el e ¥

SPECIMEN
Laminate
and Pattern Insulation Resistance, after (in ohms)
Sample No, | Number
initial 1st cycle | 5th cycle | 7th cycle Jl0th cycle
GF 1 .5x1012 1 1,1x1012 | 6,0x1021 |4.0x1012 }) 0x108L | 2,5x1020
2 %.0x1012 2.0x1012 | 5,0x1011 | 1.5x1031 }1.3x1012 | 8,0x1010
Sample ¢ 3 6.5x1012 1 1,0x1012 | 5, 0x1011 |2, 5x1021 §3.5x1011 | 2.5x1001
Control | 6.0x1012|2.0x107 |1.0x107 {s5.0x10® fi.0x107 |1.ix10
XXXP 1 6.,0x1012 | 2,0x1011 }31,5x101) 18,0x1010 §1,0x1011 |),0x101C
2 5.2x1012 | 3,0x1011 }1,3x10}1 |8,0x1010 F1.0x1011 |5,0x1010
Sample CC 3 6.5x10~2 | 6,0x1011 |2,0x1011 |1.0x1011 §1.5x1011 }8,0x10L0
Control | 6.0x1012 | 7,0x107 |3.0x108 |s5.0x106 §5.0x105 |3.0x105
EXXXP 1 6.2x1012 | 3,0x1031 |2.0x101Y |1.0x101L f1.8x101) fu.0x1010
2 6.5x1012 | 6,0x1011 [2.0x1011 |8,0x1019 {1.0x1011 |3.5x1010
Sample CC 6.5x1012 S.Oxloél 2,0x1011 J1,0x1011 |1,0x1011 |4.0x1010
Control |6.3x1012 £1.0x10° |Lesg) than|3.5x105 |6.0x103 |[l.0x104
G=-10 1 8.0x1012 | 6,0x1011 |5,0x1011 |).0x1011 | 3.5x1011 |2,5x1011
2 8.,0x1012 |5,.0x1011 {3,0x1011 |1.8x1011 |2,0x1011 |1,5x1011
Sample GG 8.0x1012 | 5,0x1611 |i.0x1011 |2,5x1011 {2,5x1011 {1,5x1011
Control | 7.0x1032 |8,0x107 1e§8hthan 1.5x106 {2,0x104 |y.0x10b
GF 1 8.0x1032 |7.0x1011 |2,5x101) f1,5x101t f1,0x1011 |7.0x1010
2 8.,0x1012 [1.5x1012 }3.0x1011 |z.oxio0ll Ji.sx10ll |9.0x1019
Sample GG 8.0x1012 |9.0x1011 {2.5x1011 |1.8x1011 f1.1x1011 |7.0x1010
Control |9.0x10%2 |3.5x107 logg), than |------ 1.3x10° |6.0x10k
6-11 1 7.5x1012 11,1x1012 }6.0x1012 |y.0x1011 |i.0x1011 |2,0x1011
2 7.Ox101§ 8.0x1012 c,ox10il 2.5x1011 |3,5x1011 |1,0x101l
SampleGG 3 7.5x1012 |1,1x1012 L.ox1ofl ja.5xa0tt 2.Sx10%l 1,5x10%1
Control [8.0x10%2 |1.2x107 [i.5x108 |4.5x105 |5.0x10 2.x10°
EXXXP 1 8.,0x1012 |).0x10t1 |1.0x10}Y [6.0x1030 J2.5x101Q fi.ox1020
2 7.5x1012 {7,0x1011 |1.5x1011 [8,0x1019 |4.0x1010 [1.5x1010
Sample GG 8.,0x1012 |6.0x10%1 |1.6x1011 f.0x101! |5.0x1010 h.B8x1010
Control |7.0x1012 |1.6x107 leggsthan 1.5x10° |2.0x105 |2.0x107
XX P 1 8.0x1012 f3,0x1011 fi.5x10li h.oxoll |1.o0x101l |6.0x1010
2 8,0x1012 |7.5x10%% jh.0x1011 |o.5x101) |2,0x1081 h.sxio0ll
Sample GG 3 8,0x1012 15,5x1011 |.6x1031 |o.5x101l |2.0x10i! fh.3x10ll
Control |[f.5x1012 [3.0x107 [6.0x108 h.0ox106 |[2.6x105 f.0x105
GF 1 8.0x1012 [8.0x1077 i.0x101T p.sx103] 1.5x1017 [8.0x1010
2 8,0x1075 [6.0x1077 [2.5x1077 P.1x1077 [1.0x1077 |5.0x1073
Sample HH 3 8.0x101? 8.07(109 ?.leoq >, 0x10 1.5x10 1,0x10
Control [8,0x10%° [1.3x107 |6.0x107 [5.0x107 [9.0x107 f.ox107
XXXP 1 8,0x1012 16,0x1011 h.8x101r B,0x1010 [4.0x1010 |2.0x1010
2 8.5x1012 [6,0x1011 h.oxioll fr.ox10l0 [3,5x1010 f|.5x101C
Sample HH 3 8.5x1012 |6,ux10tr h.sxi0il [r.ox1010 {3,0x1010 h.,5x101C
Control [9.0x1012 |3.0x107 loss than 3,0x104  |erratic [o.7x10b4
10
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SPECTMEN

Laminate

and Pattern Insulation Resistance, after (in ohms
Sample No, | Number
initial | 1st cycle |5th cycle | 7th cycle JlOth cycle
, 1 9.,0x10%2 | 1,0x1012 {4,5x1011 | 3.0x1011 | 3,0x1011 f1,2x1022
XXXP 2 8.5x1012 | 2,0x1012 |6,0x1011 | 3,0x1011 | 3,0x101L {1.5x101
9,5x1012 | 2,0x1012 |6,0x1011 |3,0x21011 | 3,0x1011 |1.cx1011
Sample HY Gontrol | 5.0x1012 |2.8x107 |legg,than|3.0x104 fi.oxiok |9.0x10k
G-10 1 7.5x1012 | 1,5x1012 |9,0x1011 |6,0x1011 f6,0x1012 3.0x101%
M 2 L.5x1012 1 1.0x10%2 {8.,0x1011 {5,0x1011 §5.0x1011 3.0x1031L1
Sample 3 I, 2x1012 | 5, 0x1011 6.Ox10%1 2,0x101! §2,5x1011 }1.5x10
Control | 5.2x10%2 |5.0x107 |5.0x10% [1.0x105 {leaky 5, 0x10k4
G-11 1 5.2x1012 11,1x1012 {1,0x1012 |L.5x101L [6.,0x1011 |3.0x10ld
: 2 L.5x1012 |1.,1x1012 |1,0x1012 |s5,0x1011 |6.0x1011 |2.5x10dd
Sample 5,1x1022 |1.5x1012 [1.2x1012 |6,0x10L1 |6,0x1011 |3.0x1081
Control | 5.0x1012 |9,0x107 legg), than 1.3x105 | 6.0x104 |7.5x10l
12 12 11 |, 11 11 11
GF 1 5,0x10 3,0x1012 18,0x1011 |).0x1031 |1 .0x10 3.,0x10
2 5.5x1022 1 9,0x0t |7.0x10%1 |s5.0x103Y |L.ox10i1 2.0x10%l
Sample II| 3 5.5x1012 | 2,5x1017 [9,0x1011 [6.0x1011 |S.0x101l |3.0x1011
Control |5.0x1012 |5,0x107 lerratic |7.0x12% |1.2x10% |2.7x10k
G-10 1 6.0x1012 11,3x1012 |8,0x1011 |5,0x1011 |}.0x1011 J2.5x1011
2 9.9x1012 11;,0x1012 |7,0x1011 |7.0x101L fl.0x1011 |ij.0x1011
Sample II 5,0x1012 [1.8x1012 |7.0x1011 |5.0x101! |s3.ox101l |2,0x101l
Control |L.0x1012 {1,5x108 |2.0x108 [8.0x105 [2.5x105 |1.5x105
XXXP 1 s.ono%2 3.5x10%1 1.1x1011 5.0xlo}8 S.Oxlolg 7.Ox1018
2 5.0x1012 2.0xlol§ 1.€x10i% 8.5x1010 1.0x10%0 u.sxlo%O
Sample II 3 5.0x1012 7.0x10 1.5x10 6.0x10,° |5.0x10 2,0x10
Control |5.0x1012 |8.0x107 Logg), than [7.0x10% 1.0x104  fL.ox104
1 6.0x1012 |, 0x1011 |1.5x1031 |5.0x2030 |1,5x1011 |1,8x1010
EXXxP 2 5e5x10 8.0x1011 |1.5x1011 |5,0x1010 j1.0x1011 J1,5x1010
Sample II| 3 6,0x1012 16,0x1011 |2,0x1011 J8.5x1010 f1,.5x1011 J2.5x10
Control |6,0x1012 |,,0x107 |[2.0x108 [1.0x107 |1.0x207 |5.0x10
1 6.0x1012 |1,0x1012 [8,0x1011 |6.0x1011 |1.2x1012 |y.0x10%l
G-11 2 6.2x1012 |1.0x1012 [1.0x1012 [7.0x1011 |1.5x1012 |y.0x1011
Sample II 6.2x1012 l9,0x1011 f1.0x101? [s.0x101l [1.3x1012 [y.0x101t
amp Control [6.0x1012 15,0x107  llesg) “han [2.0x10k  [1.0x10k |5, 0x10k
G-10 1 8.0xloi§ 2.0x10i§ HQOXIOi% ;.Oxlo%} 7.0x10i% 3.Ox10%1
2 L.0x1032 |1.5x1012 |7.0x1001 [3.5xol) [6.0x101] 1,5x1011
Sample GE| 3 5.0x1075 11.5x1075 |o.0x1017 P.5x1037 |3.5x1077 7.0x1011
Control |6.0x1012 |1.0x10 3.0x10tt b,5x10tt }ii,0x10 .0x101
1 6.0x107% |7.0x0°  [p.ox107  P.oxiol. [3.0x107. [5.0x100
GF 2 5,0x1032 |2,0x1012 [8,0x1011 |s.0x101t |B,0x10il [o.5x101d
3 6.0x1012 |5, 0x1011 1.5x10%1 b.0x100 |1,8x1011 {2,0x1010
Sample GE|control [6.,0x1012 |6,0x107 [o.0x10® p.0x107 J1.5x107 [5.0x10
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SPECIMEN

Laminate
and | Pattern Insulation Resistance, after (in ohms)
Sample No, | Number
initial 1at cycle | Sth cycle | 7th cycle [LOth cycle
G-11 1 6.0x1012 | ), 0x1012 |9,0x1011 |6.0x101) §1,0x1012 | 3,0x1011
EJ 2 6,0x1012 | 3,0x1032 |9,0x1011 |6.0x1011 § 8, x1011 | 2,5x1011
Sample G 3 8,0x1012 | 3,0x1012 |9,0x1011 | 6,0x10L1 | 7,0x1011 | 2.5x1011
Control |4.0x1012|35,0x109 |2,0x107 11.0x105 Js.oxiol |3.0x1ch
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